REPORT

PHYSICAL AND AGRICULTURAL FEATURES

OF THE

STATH OF CALIFORNIA,

WITH A DISCURSSION OF

THE PRESENT AND FUTURE OF GOTTON PRODUCTION IN THE STATE;

ALSO,

REMARKS ON COTTON CULTURE IN NEW. MEXICO, UTAH, ARIZONA, AND MEXICO.

; BY
R

. W. HITGARD, P=. D,
PROFESSOR OF AGRICULTURE IN THE UNIVERSITY OF CALIFORNIA,

SPRCIAL AGENT.

649



-
TABLE OF CONTENTS.

Page.

INTRODUCTORY LETTER...... e tee et e emaramaeas asme s aamsesanennanenne s aaanean L. v
LETTER OF TRANSMITTAL. « - -« v sane aeneanmsnsananmenenas cacans onsnnseanmnsatnstnanssasssss ssremesnmnmnassancasananse coanansn vii-ix
TABULATED RESULTH OF THE IENUMERATION e ceus aans sauens mrmsamamns nmsemsss sass ammnnssseasssaanss sass smmnsomasanasasnanas 1-4
Table showing Aren, Population, Tilled Land, and Leading CTOPS - cvvcer seures sonuemnans comman vamacs saonamrn oo e me e 3,4

PART I.
PHYSICO-GROGRAPHICAL AND AGRICULTURAL FEATURES OF THE STATE OF CALIFORNIA. et amremenn corrnnsn samons tommus sems nos 5-83
Outline of the Physical Geography of the State ... . eoner oot e it et et eae e e nmmnan aeen e 7-83
TOpPOETAPhY ANA DIATIIEE - - o e« o eacemmar caae oo amammmas mars ean iaoa es o ese e emam st saoooaeasasess s assnoe cane 7,8
GBOLOEY wen e crn mecn e e e aciin tameme mieane seiio e teioan e e P R 8
WiIRAS <s e et ae e et et eae e temema e eeeemacos e asmeseesaseeaasesensoosesoios e 8,9
Temperature......coven-- L A CRCTTTTRTEETEETLEEERLELED 0-11
Rainfall and Irrigation .......veeceiceveeeeos e e e taemun tmmemn amemmt amems emmmes ke mekeSaemee e saaaatanoaas 11-17
ALTICUIEUIR] ROEIONS «« - - wee ces cecme smsman s maan emm e eaca rt meenn e ot aasessesmms ssnosaeeostsssToosacesociens 17,18
The Great Valloy of Califorif ... euxeessonennensmrsanenaeasame caemms sammas sasars Samureazasnsmassns sooes . 18-31

The Sacramento Valloy. o uvue sooieane tammeecmcesanacnvucss L e emmmee eeaeeesesaeneamaneamesta oo e eannas 10-23
Soils of tho SaeTamMento VALlET «uae o e aaecosaonranunnnn mamae saemes tomman vamans cammsnnanos cnss msaascnanes cune 21-23

SAN JOAQUITL VALLEY «ev ennmme wmea caeacemeos cemcme tmmamt amsas smmmas samm s So e commas mm o= s Seo st aaennon ey saans 23-31
ITULATO TSI - v o sees wees e eee emn < m s e e et eam et mmmaa semamn sameeneeeeaeaematsate smmee ke e aeeeeeaaes 23-25

San Joaquin Basin ..o ooaoiiii s e iaaa e LR LT TE R PP PR 25,420

Soils of San Joagquin Valley «equtcernimmeeanenoenerens ooaans cuaaen wasmnaeaaan s s e eeieaiieananeareas 26-30
ATLvial oF ToWIAnA S0118 o aee ceeens crce e cmaes cmas smmmescmamae smanarascoae smmase rqemes sesene siiousaessas 26, 27

Upland orBonchSm]s R PP PR R PP PUPRL U IP I 2 L

U0 LIS o o mvs o ome ceem cammmnsemmmeesces assensecesonsomnmmn ammcascacsnnns e eeaeeamee e sasuanannnns 30, 31

The Foot-Fills of the Sierra and Northern Coast Range ............. e e e meeieameeemmmtcasmes e aemaneneaaetan 31-37
Tho Foot-TIII18 OF 110 SI0ITA - - o e teeaan eecmcn eee dan s e mm mmiumn cmam cmmmae eascmsnas satmassanessoss nnmas sossososos 32-34
The Anriferous Belt, or Foot-Hills Proper............- PR 32,33

The Granitic REGION - cunaeuu e oo o reecmae rerre cenceat smmaca st e e eaie e 33

Region 0f Lava BedS. «nen oo enioaotra s oot e meees ot s o osaoscnh i s e “e.. 83,34

The Coast Range Foot-Hilla.... .... ... PP S R 24-37
Q0118 OF tho TPOOE-TI1LS e e ees e e e ceme s scmemassmnascmamcsarmaaccccass nmsaranan —noass sassuns P ERRRRRCECTIELE 34-57
The Soubhern ROFION «euc e cios cianmms mmne coes s tosans coas o an cmn st saas chno e o ansoenes e e enteeaneonn ¢ 3743
Los Angeles and San Bernardino I T PSPPSR PP PR 37,88
B0 DICEO REZIOM . v eun cnt aeuain seae v o im etai the o r stee s diae L s nessaatanos caoossfelentnennscesn s 38,39
Soils of the Coast Range DivIBlom. oo cuoutanmnreenareaceas oman smmae s dams seome oo enas s rn s s e 3042 -
TLGATOETAIILY « <« -« mmme wummon = s oo e o ama cmma sagona fnoe s ndMEEeneEmmas st erasiseaTeiTisesnrnaitsones o 42,43
The Desert ReEiom « .o onuueaac tareaessusns sure cmemarcmaans samcau ammsnn snes e s oo L 43, 44
The Coast Range Region ... cou.ns e mmeem e eeieaaaee amemeeemammaanaen e manennanmmy samnatac ameasaasensansnossas 44-59
The Bay COUIELY - o e o cmmn e eemtaa e mmom s samsasane sabnas daaos ana Srea saemna s CoCnls e s s e 45, 46
The Coast Region South of the Bay Counbry -ccoee cevniicne s inise e oo mmrnaes reeor st s e o 46-55
IO (0D - o o+ - vomwam e cma cmmaac sses somamenmteasesaasenscnas nasamnamos aacmceonss e cwe e ensramaes e e 47

San Ramon and Livermore Valleys . ..cccevecaemcncaee cmeeaneans savman cnnn - eenee tamaet baneaemaeeesmoet o enas 47

S0t €1aT8 VAllF « e e oo e s eem o cemmns ean ma ot xams smee mmms el aaoeeSMEoetamseamsoooesnscielzeResnneese s 47,48

SAINAS VALlEF - e emmmee o rece cmmmms seamam e amm oo 4aiea emm e saaot o SeeesmTeas LoEeatastssnrsssessnstinoc s 48

Other Valleys .... .-- USSP PE P PEERTE ST TN EE L 48, 49
Character of Soils of the South Coast Region . aaue iae cemmorra e cmras e rnmevbmbme crrme s or e 40-55

The Coast Region North of the Bay COUNELY «ueeroorimnunmae e im o icis cstn e seome s v momn mm o s e 5559
 REATTOOM BET6 oo eee eae s e emeaeeammeemmmm e aoeee e meeotseeamesameans aemnoasastsanasssassTeTsacssnss ot 56
Agricultural Features of the North C0a8t RegION . cuinmveareracecscecmatiaaanimaman e T . B6-E9

Sierra Nevada Mountain Region ..cvees coeerarone save immmncaaa e iimemrnmnm s s emen s e amem e nae . 50-(2
Broken Region of the Western SloPe.. «evuee ceoecommreunncmn oo ini cra acnn roes mnln wmin e ceemeeee e 61
The Toastern SLOPE - vur e oocas ceaeoammasamas srmras camaas semmsaao e som o n s gl oAt ememessessasseite e e o 61,062
06 ToaTA-BEdS REGION . c o s es o s o m s mss aanra e momi s s e o mana e eusans Cosessassisnes Tt se s 62,63

' Alkali Soils and Irrigation Waters of California. .-cooocmmecmninnnnrmaveenaes e e e emame aeaneamanas e s 6373

- : iii :

! / 651




iv | TABLE OF CONTENTS.

v

. Page,

COTTON CULTURE IN CALIFORNIA - .- uensteeecn tenets smmes smmmes semeee e cmen soeeen emee s e oo 73-78
L 73-75
Method of CULBUIS .. .o ees ettt ettt e e oo 75,76
Cost of Produchion vuveee ceooeiiiiislo oo i, Ceemeerranae soaas e rmr et saaan aee et mneaann 76
COBOIUBIONS. - - e el et e T 76-78

TABLE OF CHEMICAL ANALYSES OF SOILS AND SUBSOILS ................... T 79-81

TADLE OF HUMUS DETERMINATION ... eucentncis caetenn amnemens sonn se oo oeeseeme ses e oo oo e 82

MECHANICAL COMPOSITION OF SOILS . . aue momnvees veeeveems s P 82

TABLE OF MECHANICAL ANALYSES OF SOILS AND BUBBOILE 1 eum st e eesaeamenns omnenemnn omoos e mecesumesssecanmraann 83

PART 1I.

AGRICULTURAL DESCRIPTIONS OF THE COUNTIZS OF CALITORNIA - veencrmenecnnnn. emeee snsnat cnak raen ran e anae tmanee ann .. 85-125
Great Valley Region .............. R 87-~100
Lower Foot-Fills Region ....o.ceeueunneesivneen e eenens oo, e et eaneee e sMa car e s eman smn . m—nn e 100-105
Southorn and Desrh ROGION- -+ w.vvruwveee it st e cteeaes sooeos oo oo eoeees e oo koo 105-10%
Coast Range Region (south of San Pahlo By ) e e e e e uncsasaecane—an. 109-116
Coast Range Region (north of San Pablo By ) e e e e e e e e 116-121
Higher Foot-Hills (over 2,000 feet) and Sierra Mountain ROGIONS 1o vm e e e e e 121125

RERBRENCE TABLE OF CORRESPONDINTS ... ovomvviooeieeasanman oo oos s oeseos os oo e 15

CorroN CULTURE 1IN Nrw MEXrco, UTAH, AND ARIZONA - -ocuemnceeeaeionn ceneieems ceoeen oo Cmeeanmme e oo - 129,130

REPOR? ON THE CULTURE oF COTTON IN THE REPUBLIC OF MEXICO vuemven ceecrn ieneanns e rmeaemameencuee ma.an . maaan 130,131

) MAP,
b GRICULTURAL MAP 0F (fALIFORNIA eveermrslienieinnnaana. ceennun T LT 7

€52




INTRODUOTORY LETTER. :

The state of California has until recently been considered simply as a great mining country by the people of
the states east of the Rocky mountains, and comparatively little thought or attention has been given to any other
éapabilities it wight possess. The state has, however, risen rapidly in agricultural iﬁap_ortance, and her mining
enterprises are being overshadowed by the immense farming industries, to which the exceptionally genial climate
and fertile soils of her broad valleys and foot-hills are so admirably adapted. - It has, therefore, been thought
advisable to give it a more extended description than would seem warranted by the small amount of cotton thab
has been produced within her borders; the more S0 as the stafe is but slightly represented in the special
investigations of the Tenth Census. ' ‘ '

‘ ' FRANOIS A. WALKER.

v
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' LETTER OF TRANSMITTAL.

. : BERKELEY, CALIFORNIA, June 1, 1883,
To the SUPERINTENDENT OF CENSUS. '

DEAR Sir: I transmit herewith a report on the agricultural features and cotton production of the state of
QOalifornia, including descriptions of the individual counties, as well as of the regions; the result of the joint labors

“of Dr. R. . Loughridge and myself.

~ Among the states included in the reports on cotton production California stands in a peculiar position, and
at first sight the_insiguiﬁé&qt number of bales of the staple produced within the census year wonld bardly seem
to entitle the state to be counted among those deserving a detailed deseription in this connection. As a matter
of fact, however, this condition of things must properly be accounted as temporary and accidental; for cotton has
been successfully grown within the state all the way from the Mexican boundary to Shasta county, and the staple
produced has, on the whole, proved to be of peculiar excellence. The restricted area now given to its cultivation
is the concurrent result of many causes, chief among which is the distanceé from any but a home markes, which
renders competition with the Gulf states in any other sphere impracticable. In the absence of cotton-mills, the
home market has been restricted to the amount consumed by the woolen-mills within the state for the manufacture
of mixed fabries. Again, the predominance acquired at the outset by the culture of wheat and other food crops,
and, in later years, by the culture of the grape and certain other fruits of which California has almost a monopoly
in the United States, naturally tended to keep down the culture of a staple in the production of which there is such
formidable competition by the Gulf states on the one hand and by India on the other.

Since, however, the production for the- home market has steadily been maintained and has proved profitable,
it is legitimate to infer that whenever, by the establishment of cotton factories on the coast, the local demand shall
increase, cotton production will do the same.

There are, however, other causes that tend to commend cotton ceulture to the California farmer, viz, its relations
to the peculiarities of the soil and climate, especially of the great valley. These points are discussed in detail nunder
the proper heads in the body of this 1‘é§port, and they are sufficiently strong to render it probable that cotton culture
will rapidly increase hereafter in the state.

The compilation of reliable descriptions of the several regions and counties of California has been beset with

unusual difficulties. In the case of other states we have in most cases had the basis of a state survey, or of

somewhat extensive personal explorations made under the auspices of the Census Office. In the case of QOalifornia,
the latter source has, for cogent reasons, been restricted to three short excursions made by myself to the southern
and northern portions of the great valley and one by Mr. Herman Partsch to the region of the Salinas valley. The
volumes of the California state survey are almost totally barren of information on agricultural topies, and even that
relating to the topographical features can Dbe utilized mainly as farnishing links in the chain of broader evidence.
In this respect the report unfortunately does not stand alone among those of state surveys; but in consequence
of the stoppage of the work it 1872 probably much of the practical matter has thus far remained unpublished.
Since my arrival in the state (1875) I"have vainly endeavored to revive at least the agricultural portion of the
survey; but the failure to obtain from the legislature any funds applicable to field-work has compelled me to
remain content with such information as could be obtained through correspondguce and from specimens of soils,

rocks, etc.,‘traush:itted by interested persons, for examination and report by the agricultural department of the
;. : ‘ ‘ vii
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Vil ‘ LETTER OF TRANSMITTAL.

University of California, under a small pi‘ovision made therefor by the uni\rersity. In the course of time this work

has furnished important information regarding the composition of the soils of the state ; but little of a systematic

character could be done until, upon the request of the Superintendent of Census, the authorities of the Central

Pacific railroad, under the initiative of the late B. B. Redding, then in charge of its land-office, detailed an intelligent:
engineer, Mr. N. J. Willson, to collect soil specimens from the several stations on the main lines in the great valley-
from Redding to Bakersfield, and thence through Tos Angeles and San Bernardino counties to Yuma. These
specimens, numbering about 350, and the notes accompanying them at least from the southern division, have been

the source of a great deal of important information, as will be seen from the abstracts added to the descriptions of

the southern valley counties, Mr. Willson’s notes from the northern part of his route were unfortunately not

received. Of these specimens, and of others collected by myself and Mr. Partsch, twelve representative ones.

were selected for analysis, the work being done at the expense of the Census Office. Subsequently a larger number:
were analyzed, in the course of the regular work of the agricultural department of the university, in time for-
introduction intothis report. . ‘

A number of other soils, with accompanying reports on the regions of their occurrence, were also received, in-
response to a circular issued by a commission informally constituted in advance of expected legislative action on
the representation of California at the Paris exhibition of 1879. The legislative support was refused, and the .
reports, some of which were quite lengthy and exhaustive, remained unused until now, Abstracts of them.
have been added to the descriptions of the counties concerned. _

Apart from these direct sources of information, such publications heretofore made as include descriptions of the-
whole or parts of the state—books, pamphlets descriptive of counties, and newspaper articles—have been drawn upon,.
and doubtful or irrelevant statements have been carefully eliminated as far as possible. This work has been a.
matter of no little difficulty and patient research, and has almost wholly fallen to the part of Dr. Loughridge.
It is not a little singular how few of these descriptions, purporting to give the agricultural features for the benefit
of possible setitlers, do actually convey a definite idea of the country described. In the great majority of cases the..
writers deal largely in generalities concerning the results of farming 'operartions, leaving the aspect of the country,
the kinds of soil and their several areas of occurrence, and other matters of firsh interest, to mere conjecture or
inference; a practice in which, as I have reason to know, California writers do not stand alone. To gather the-
natural facts from the mass of miscellaneous statements and combine them into a connected picture is often .
arduous work, and cannot always he suceessful in the absence of some personal knowledge. Still, such as they
are, the descriptions hereinafter given will probably convey a better and more generally correct cohception of the-
features of Califoruia than has heretofore been given to the public. '

Prominent among the sources of information drawn upon are the following published worlks :

The Natural Wealth of California, by T, F. Cronise. 1868. '

The Resources of California, by Theo. S. Hittell. 1874.

California As It Is, by seventy leading editors and authors. Published by the San Francisco Call Company...
1882. ”

Report of the Geological Survey of Oalifornia, by J. D. Whitney. Geology. 1865, \

The above are works of a general character, covering to a greater or less extent the entire state. The following -
treat only of special parts or topies : ‘ ' ‘

Reports of the State Engineer (William Hammond Hall) on drainage, improvement of rivers, the flow of mining - -
detritus, and the irvigation of the plains. Sacramento, 1880. This is a most important document, from Which.,_the»-
greater part of the data regarding the rivers and irrigation in the San J oaquin valley and in the Tos An geles region
is derived and is largely literally copied. Important data regarding the soil areas in the latter region has also been
directly farnished from the state engineer’s office for the agricultural map.

Reports of the Agricultural Department of the University of California for 1877 , 1879, 1880, and 1882, From these -
Iy extracted nearly all the matter relating to the character and composition of soils, alkali soils, and irrigation waters.
~ RBeport on the Climatic and Agricultural Features and the Agricultural Practice and Needs of the Arid Regions af ~
the Pacific Slope, by B. W. Hilgard, T. C. Jones, and R. W. Turnas; made under the direction of the Commissioner
of Agriculture, 1882. The portions of this report relating to climate, irrigation, and other general tqpics‘;'have, to -
a consie%(érable extent, been recast for the present one. '

1
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For the tables of rainfall and temperatures we ave largely indebted to theobservations made under the auspices
of the Oentral Pacific railroad, which have been conveniently tabulated by the Pacific Rural Press. ,

Besides the above, numerous locally published ¢county descriptions” have been utilized, as also letters from
correspondents found in the columns of the Pacific Rural Pressythe Sen Francisco Bulletin, and other transient
publications and county papers. Special points have -also been elucidated by direct correspondence and verbal
inquiry. It is, of course, almost impossible to give credit separately to all these nﬁmerousvsources, and it hag
only been done where literal extracts have been made. '

For the soil map accompanying this report the first basis has been the altitude map by Mr. Henry Gannett,
1877. Its outlines have, however, been materially modified at many points for our purposes from information
obtained from detailed maps of some of the¥counties, as well as from personal observation. These county maps,

* for the inspection of sets of which we are indebted to the California Immigration Association and the Grangers’
Bank, of San Franciséo, have supplied many valuable data. The maps of the geo]og'ical survey have also been
fully untilized. '

The arrangement of subjects in this report is substantially the same as in those preceding it, viz: first the tables
of population and produetion, which in this case show less of actunal cotton production than of the‘g'reaﬁ variety of
crops grown; next, a general summary of the physico-geographical and climatic featnres, followed by the general
deseription of the agricultural regions and history and-discussion of cotton production in California, forming Part
1. Part I includes the descriptions of connties, while the cultural details, usually placed under Part I1, are hers
included under the discussion terminating Part.I, in which connection they are most readily understood.

All of which is respectfully submitted.

| . W. HILGARD.

42 0 P—VOL. I 5 -
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-TABULATED RESULTS OF THE ENUMERATION.

AREA, POPULATION, TILLED LAND, AND LEADING CROPS OF CALIFORNIA.
POPULATION, TILLED LAXB. AORTAGE AND PRODUCTION OF LEADING CRODS,
; 8s |3 52 ‘ ‘ Vine
. €ounties, g &E é ﬁ ‘ ol i Wheat. Barlay. Corn, Qate, yards.
] 3 | B |if| ¢ b 4
3 ] Q A e 54’ j g | Acres. | Bushels. | Acres.| Bushels. | Acres.| Bushels.| Acres.| Bushels. fAcres.
8q.mls. ) :
The State.......... 155,080 | 864, 694 5.6 6.6]6602,102.| 42,4 1, 832, 420 | 20, 017, 707 1686, 350 | 12, 463, 561 | 71,781 11, 803,325 | 48, D47 11,341, 271 385, 53
GREAT VALLEY REGION, ‘
Butte.ccoeveriaennia] 1,720 18, 721 10.9§27.7 | 304,677 | 177.1| 127,189 2, 244,770 | 23,288 616,474 | 1,325 31,210 418 13, 700 570
(05 B 2,500 | 13,118 5.2]40.8| 653,016 | 26121 261,381 | 4,537,504 | 39,030 889, 568 8511 15735 176 3, 600 14
TubBen erennnnnn eeen 700 | 11,284 | 18,1 ] 247 | 110,830 | 158.3Y| 28 134 359, 967 | 11, 057 218, 458 603 | 12,220 1,461 ] 23,2161 18
(1111173 S 580 5,159 801463 | 171,856 | 206.3 74,338 | 1,205,883 | 14,830 365,086 | 1,506 28, 035 243 5, 816 169
Y0l ueurs v 8401 11,772 12.5046.4) 218,983 | 200,0| 115,369 | 2,086,550 | 18,320 | 510,470 | 74| 10,000 55 1,480 | 757
Solan0 veeeeiiiniiiiaaas . 940 18,475 18,7 | 46.3 | 278,506 | 206.3 | 107,588 | 2,042,533 | 32, 222 671,403 443 16, 685 127 2,015 § 1,638
Sacramwento. ...vo.vena.. -l 1,000} 34,390 | 34.4147.8) 304,627 | 3046} 44,123 | 804,631 | 30, 547 650,448 | 3,028 | 149, 550 871 | 22,746 { 1,938
San Joagwin c.evennennoo. 1,300 | 24,340 | 179520, 460,342 | 338.4 | 201,461 3,509,511 | 32, 608 796,400 | 2,333 | 68,890 130 2,820] on4
Stanislaus ....... eeeean 1,420 8,751 0.2145.0 | 417,511} 2040 172,445 | 1,042,892 | 10,560 312, 882 378 | 13,685 |........ 99
Merced onmneenraanaan. 2,280 5, 656 2.6119.0] 277,680 | 121.7] 67,075 296,308 | 10, 181 88, 038 574 | 15,715 25 30 178
Tresuo...... dheesreeaienn 8, 000 9,478 L2} 6.6 201,087 36.3 20,474 | © 190,023 | 9,504 118, 627 414 10, 053 & 205 471
Talare veeeceennniinan.. 6,610 11,281 2.01 5.6 200,650 35,7 28,131 371,081 | 3,661 69,200 | - 2,535 48, 255 160 309
EOIM carven vvnnniceniene . 8,160 g, 601 0.7} 1,2 81, 497 7.5 6, 887 85,682 | 6,151 119,571 | 1,094 35, 046 86 2, 400 a8
Total ....c.oot.nnn .| 35,210 | 178,035 5.5116.9 (3,811,370 | 108,2 |1, 255,405 | 10, 398, 235 (261,028 | 5, 245, 621 | 17; 388 454, 039 3, 601 78,281 § 7,503
LOWER FOOT-UILL REGION, | h )
Shastd ..veerenneeeeiinnns 4,000 0, 402 2.8{ 21| 55015 189 6, 267 90,610 | 6,762 87,803 59| 1,500 it | ee,030] 113
Tehama . evuveeuiane.. <. 8,060 9,501 8.0'1 18,8 | 270,441 88.3 84,254 | 1,386,228 | 14, 867 261, 338 24 750 208 9,114 39
- Nevada.u..o..ooo.. JRa. an0 20, 828 2.0 4.6 25, 207 25,68 304 3,235 543 10, 682 32 665 | 1,165 26, 871 107
Placer ....... crereanas| 1,480 14,232 9.6]10.8| 101,928 66,8 11,761 183,547 | 5,594 68, 275 160 4,878 873 14,524 ¢ 1,086
T Dorado ceeneaaed] 1,800{ 10,688 50§ 2.0| 83,040 188 1,360 20,777 | 1,187 22, 911 18 414 57 1,168 1,415
Amador R 640 11,3884 21.1].10.6 36,785 68,1 2,386 48,828 |. 3,201 101,064 | 1,181 | 40,605 31 822 580
Calavoras. cooee ceeeen uan 980 9,094 .39 47 29, 414 30,0 807 16,2566 | 1,926 47,294 206 7,205 13 330 328
 Tuolumne «..veceenemnn.. 1,980 7,848 401 1.9 28, 861 12,0 4, 055 62,82¢ | 2,858 41, 618 24 378 69 1,885 418
Mariposa ...... PP oo 1,560 4,839 288 15 15,125 0.6 . 387 4,476 | 1,314 26, 230 ) 80 720 12 255 43
T S ...] 16,300 | 97,106 6.0} 6.8 602,620 | 86.2] 111,591 | 1,825,276| 38,002 | 666,504 | 1,789 | 67,881 | 3,105 | 77,008 4,079
3 M ] | —— 1 — - e [——
BOUTHERN REGION.
L08 ANGEIes . veeesaeene 4,760 | 03,861 7.0 64| 105055 41.0) 99,340 816, 042 | 38, 828 405,708 | 22,771 | 742,104 78 1,470 § 4,161
Sun Bernardino.......... 23, 000 7,786 0.3§ 0.2 25,601 L1 2,558 45,682 { 4,076 82,503 774 23,186 [.veronndinnmnnaan. 1,215
San Diego ......... [ 14, 600 8, 618 0,68 0.4 38, U7 2.0 8,029 60,650 | 8,573 46, 330 440 8,017 K 953 224
Total ..vevernvanann 42, 350 49, 785 1.2} 0.9} 2068003 6.1 40, 836 422, 274 | 46, 472 538, 601 | 28, 085 ! 788, 257 155 2,44 5, 600
| — 1
COAST RANGE REGION, ,
South af the ey vegion. :
San Francisco ... .. ceenal 40 | 283,050 |5 840.0 ) 8.0 2,208 1 574 fcennreeifianiiimnnns 340 3,500 [.eeeoieilieianans 44 ‘440 1
San I\'In.tob 440 8, 669 18,7 1263 73,086.) 168.1 10,767 219, 684 | 16, 705 349, 044 118 1,880 | 7,376 | 182,473 39
Contra Costa ....... eaeen 800 | 12,525 | 15.6{45.5( 282,704 200.0§ 71,870 | 1,267,016 | 19, 674 501, 880 55 1,300 | 1,280 | 37,455 % 425
Alwmeds. ..o oviienan .. 660 62, 976 05.4 | 47.4 | 200,360 | 303.5 36,032 620,758 | 39,076 | 1,218,820 1,139 87,578 | 1,468 82,766 344
Santa Clarn. .ooeveevennes 1,400 85, 030 25,0 § 18,6 { 106,184 | 118.7 38,623 048, 065 " 20,613 716, 860 201 10,891 260 4,771 § 1,632
Santa Cruz .....oooeooee. @ 420 12, 802 30.5 0 15,0 40, 206 95.7 12, 060 201,040 | 5,045 176,804 | 1,708 43,873 ; . 934 21,613 340
Monterey............ L.« 8,520 11, 302 3,21 7.0] 168 862 48.0 69, 022 779,286 | 35,426 825, 650 498 14, 978 , 4,363 88, 362 10
800 Benito. .ovu.eeeninn.. 990 5, 584 561142 90,55 9.5) 82,993 887, 271 | 10, 469 102, 462 299 8,720 41 846 62
San Luis Obispo ..... ... 3,460 9, 142 2.6{ 80| 177,508 613 10, 618 173,581 1 9,088 205, 869 468 | 13,508 087 13,4056 66
Santa Barbara ........... 2,200 9,513 4,80 7.7 | 108,740 40.4 18,492 265, 95 | 13, 598 245,667 | 8,167 | 128,795 24 330 77
Ventura coovieeiiinainn. 1, 690 5,073 30§ 75 81,107 47.9 8 479 113,407 | 28,171 551,280 | 9,121 | 148,485 | 40 300 vm
Totol sueenrennnin 15,620 | 406, 584 060|154 1,342,733 | 850 | 208,180 | 5,215,502 208,683 | 4,083,845 | 16,874 402,058 ] 16,757 | 882,0614 2,026
North of San Pablo bay.: i
MATin ceoeve i, 580 11,824 19.6§ 6.8 21, 887 36.8 2, 608 55,520} 1,400 87,004 [.oeeiaioraniannns i 1,031 26, 937 40
Sonema.. .1 1,520 25, 926 17.0 § 18.4 ) 178,954 | 117.7 30, 820 742,123 | 11,126 256,007 | 5,081 | 158,820 ! 2 016 68, 686 | 8,540
BOf ) N 840 18, 283 15,8 § 15,1 81, 045 06, 4 33, 658 011,445 | 5,753 130,844 | 1,664 41,722 1,014 22,250 ¢ 4,671
Lake ... 6,806 6.0§ 6.5 88, 564 35.1 8,208 178,842 4,551° 124,300 755 19,377 352 10, 243 54
Mendocine 12,800 | 3.4} 2.4 58,164 158 8,800 | 106,666 | 8,544 101, 829 884 | 20,526 | 2,843 |  80,288F 77
Trinity ... 4, 098 201 0.3 4, 830 L9 1,071 M, 185 14, 22 30 980 165 3,626 3
Humboldt ...... 15,512 41§ 2.9 69, 025 18,4 3,437 84,582 | 2,020 04, 848 624 16,813 | 8,817 | 354,785 10
Del Norto..-mcuemcaaenn .| 1,540 2, 584 L7} Lo 10, 678 6.9 56 995 64 1,530 42 1,10 200 i 4, 830 4
Total cncvnncensana.} 15,600 | 92,076 6.9 | 4.6 462017 2,71 97,835 | 1,849,308 | 29,170 747,132 ‘ 9,000 | 259,367 .1'7, 037 [ 871, 644 115,399
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AREA, POPULATION, TILLED LAND, AND LEADING CROPS OF CALIFORNIA—Continued.

Poruﬁmox. TILLED LAND. ACREAGE AND PRODUCTION OF LEADING CRODS,
I B e : Vh(lle-
. o (oY
. 290 e @ o § yards,
Counuties. § zrg‘ “ & s Whent. Barley. Corn. Oats.
: & g g 5)3 Py N N
o ?g 53 |28 2 g5

g ﬁ ; % g jé 5-4’ Acres, | Bushels, |Acres. | Bushels. AQx'es. Bushols. | Acrea. Bush‘ els. fAcres.

HIGHER FOOT-HILL AND

SIBRRA MOUNTAIN R¥- R
(’K@‘\‘ Sg.mls.
Siakiyon. ccevecvicniin.. 5, 660 8,610 L5 1.4 50,777 9.0 6,330 98,370 | 3,508 114,013 112 3,016 | 3,268 | 106, 856 10
OO e eeeaenane. 4,260 4,390 Lo} 0.7( 20,017 4.7 4,801 78,335 | 8,956 91, 325 18 440 74| 20,883 -on-..
LASSON «onmnnmenninnnan 50001 3840) 07] 0.9] 29,161 5.8 4,773 75,361 | 1,950 37,078 15 850 | 1,465 | 83,126 ] ......
PIOMAS oot mvenennennan 2,760 6, 180 221 0.0 15701 5.7 1,129 a1, 217 16 T U IO 2,674 BT L..eo.n
Bierra. oo . 830§ 6,628 783 L1 6,260 7.1 308 6501 301 LI73 |, FOUUPR 1,082 2,820 f......
AlPING.sceiecia s 730 530 0.7} 0.2 790 1.1 179 2, 036 118 3,410 8 285 236 5,085 §......
Mono...... reveie e 8,400 7,499 221 61 1,190 0.3 1u 200 208 2 0 R 12 250 feaennn
TNFO0 eranemnnennanaenns .| 81200 9928! 03] 03| 18,804 1.7 1,525 80, 004 | - 1, 686 85,845 | 1,682 33,218 791 | 22,538 22
Total eviivucaannns 80, 810 40, 118 1.3} 0.7| 137,859 4.5 18, 556 307,112 1 12, 005 287 ,208 | 1,835 37,283 | 10,202 | 279,249 32
862
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OUTLINE OF THE PHYSICAT, GEOGRAPHY OF THE STATE
OF CALIFORNIA.

&

The state of California lies between the parallels of 320 30"/ and 42° north latitude, thus stretching through
nine and a half degrees of latitude, corresponding to the difference on the Atlantic coast between Edisto inlet,
South Carolina, and cape Cod, Massachusetts. Its northern third lies between 120° and 124° 26’ west longitude,
the most westerly point being eape Mendocino, whence the coast trends southeastward, with a westerly convexity,
toward San Diego bay. Between the extreme northwest and southeast corners the direct distance Is 775 miles,
The maximum width (between point Concepeion and the north end of the Amargosa range in Nevada) is 235 miles,
and the minimum width (between the Golden Gate and the southern end of lake Taloe) 148 miles. The total area

of the state is 158,360 square miles. Its land area alone is 155,980 square miles, 'beiug second only to Texas among -

the states and territories as now defined. ,

Tt is obvious that on this vast area the diversity of climates and of soils must be very great, and that only a
~ very gencral outlining of these can be attempted within the Wmits of this report.

TOPOGRAPHY AND DRAINAGE.—The climates of the several portions of the state are so directly dependent upon
its topographical features that an outline of these must, of necessity, precede any other discussion.

The two prominent features, extending through nearly the entire length of the state, are the snow-capped
" range of the Sierra Nevada on the eastern border and the low Coast range, or rather belt of ranges, berdering the
sea-coast on the west. Between the two lies the great valley of California, drained from the northward by the
Saeramento, and from the southward by the San Joaquin river, and these, uniting near the middle of the length of the
valley, pass westward through the narrow strait of Carquines into San Francisco bay, and thence through the
Golden Gate into the Pacific oceau. These two rivers receive nearly all their water from the Sierra Nevada, the
streams flowing landward from the Coast range being insignificant. The main drainage of the Coast range is to
seaward through many small rivers bordered by fertile valleys. The immediate coast is mostly abrupt and rocky,
and frequently .mountainous.

The maximum width of the great valley oceurs opposite the outlet of the rivers, and in its sonthern portion, near
the south end of Tulare lake, where it is over 60 miles. In its middle part the distance between the foot-hills of the
two ranges averages about 40 miles; but tothe northward these ranges gradually converge, the Coast range widening
and becoming higher, while the Sierra narrows and, as a whole, becomes lower, thongh rising lecally into the Lassen
peaks, and culminating, as it merges into the coast ranges, in the great volcanic mass of Shasta. Northwestward
the Siskiyou mountains form a cross range of considerable elevation, an effectual natural barrier between California
and Oregon, while northeastward lies the barren ¢ lava-bed” plateau, with its numerous lakes. The great valley,
may be considered as terminating northward at Red Bluff, Tehama county, although more or less valley land, but
of a different character, oceurs along the Sacramento river as far north as Redding, Shasta county.

_ Southward the termination is much more definite, the Coast range and the Sierra being cross-connected, in 2
graceful sweep around Buena Vista and Kern lakes, by the Tejon range, beyond whick to the eastward lies the great
arid plateau of the Mojave desert. This range continues southward into the ranges of San Fernando, San Gabriel,
and San Bernardino, all of which are often comprehended under the general but somewhat indefinite name of
Yierra Madre, also applied far to the southward to the mountains representing the continental divide; but it would be
Dbetter to comprehend the whole under the name of the San Bernardino range. Southward of this range lies the valley
or plain of southern California, most of which is within the county of Los Angeles, with an outlier in the southwestern
corner of San Bernmardino, and is partly screened from the direct impact of the coast winds by a low coast range,
the Santa Ana mountains, which is, however, traversed by the country drainage from the higher ranges. Toward

San Diego county this coast range divides into a broad belt; dotted with smaller ranges and interspersed with

valleys and table-lands, about 30 miles wide from the coast ipland to the Mexican boundary.
; : 7
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8 COTTON PRODUCTION IN CALIFORNIA.

Northward of the San Bernardino rangelie the great Mojave and Colorado deserts, mostly high barren plateau
lands, intersected by short abrupt mountain ranges, devoid of streamg, and largely composed of sandy and “ alkali?
80ils incapable of reclamation. To the northwest from the desert region numerous short water-courses descend
from the steep castward slope of the Sierra; but, although they create some fertile valleys adapted to agriculturg;,
their volume is very small compared to the drainage of the western slope. .

GroLoay.—Broadly speaking, the coast ranges of California cousist of Tertiary and Oretaceous strata (mostly
sandstones and caleareons clay shales), almost everywhere greatly disturbed, folded, and frequently highly
metamorphosed, and traversed by dikes of eruptive and upheavadl-axes of rocks. In the portion north of San
Trancisco these are frequently covered by tufaceous and scoriaceous or crystalline lava-flows, emanating from
distinet voleanic vents now extinet. : ’

In contrast to the Coast range, the Sierra Nevada has in general a central axis of granitic or other rocks
(occasionally traversed by voleanic vents), on the flanks of which lie more or less erystalline and metamorphic
slates or schists of Palmozoie, Triassic, and Jurassic age with edges upturned at a high angle or sometimes vertical.
Abatting against this, the proverbial “ bed-rock?” of the California miners, there lie on the eastern border of the great
valley strata of marine deposits, mostly of the Tertiary, but northward of IFolsom, Sacramento connty, also of the.
Cretaceous age, which are but slightly disturbed, and into which the rivers flowi ng from the cufions of the Sierra
have cut their immediate valleys, flanked by bluffs from 40 to 70 feet high. - From Tuolumne county northward,
on the lower foot-hills, appear immense gravel beds, mostly gold-bearing, and these are partly overlaid by eruptive
or voleanie ontflows and tufaceous rocks, also accounted as belonging to the Tertiary age. In the northern portion
of the Sierra region the eruptive rocks become more and more prominent, covering an enormous area (* the lava-
bed”) in the northeastern part of the state, and, as in the Cascade range, in Oregon, forming the body of the
comparatively low range upon which the voleanic cone of mount Shasta is superimposed.

Apartfrom the Cretaceous and Tertiary beds on the borders of the great valley, there are within the valley terraces
and bench-marks showing the existence in Quaternary times of a great fresh-water lake, which was subsequently
drained byt he erosion or breaking, first, of the strait of Carquines, and ultimately of that of the Golden Gate. Prior
to the latter event the drainage of the great valley passed through the Santa Clara and Pajaro valleys into the
bay of Monterey, Borings in the interior valley disclose materials varying from fine silts to sands and gravels,
-evidently deposited in the ancient lake, The latest surface deposits are,in the San Joaquin valley, mostly sandy,
in the Sacramento valley more commonly clayey (‘““adobe”), corresponding to the composition of the coast ran ges
themselves, which in their interior southern portion show sandy materials more prevalently, while in the middle
-division clay shales are predominant, and form correspondingly heavy soils.

Since the agricultural features of (alifornia depend much more upon the topography than upon any details of
geological structure a more extended discussion of the latter would be out of place here. So far as relevant to

~“the objects of this report they will be referred to in the regional and county descriptions.

Winps.—The prevalent winds on the California coast are from the west, the influence of the Pacific ocean
thus producing a climate in which the extremes of both heat and cold belonging to the several latitudes are
tempered, so that on San Francisco bay and southward to Monterey the difference between the average temperatures
of summer and winter is only from 6 to 10 degrees. This equalizing effect is partly cut off from the interior valley
by the Coast range, which also intercepts a portion of the moisture carried by these winds; the remainder is
ccondensed mainly on the western slope of the Sierra N evada, thus producing the arid continental climate of the
interior plateau of Nevada. -In the great interior valley the general direction of these winds is changed to “ up-
valley”, that is, to a little west of south in the Sacramento valley and slightly west of north in that of the San
Joaquin, a heavy westerly breeze blowing in, as a rule, through the- joint outlet of both valleys, the straits of .
Carquines, - ‘ ‘

North of cape Mendocino the direction of the prevailing ecurrents is more from north of west, but south ot the cape
the direction is due west or slightly south of west, forming the “summer trade winds », which set in regularly some
timeinMay and continue, with but an oceasional interruption by a “norther”, until October, laden with moisture from
‘the warm, high seas. Insummer these winds strike the cold Alaskan ocean current, which comes to the surface and

. 8ets in-shore off central California, producing dense fogs, which during the summer months frequently cover the coast

-eountry for twenty out of twenty-four hours for weeks together. Beyond a slight drizzle, however, no water falls ;
and as the fog banks drift against and up the ‘slopes of the Coast range they dissolve quickly before the intense
heat and dryness of the summer atmosphere in the great valley beyond. The moisture absorbed by the soil of the

-coast belt from these fogs goes far, however, toward maintaining the growth of the hardier herbaceous as well

as of woody plants, no less than that of weeds, during the season of drought,

From May to October, both inclusive, south winds are very rare, but during the winter months they prevail
largely, and bring the rains upon which the success or the failure of crops depend. The winter rain-storms are usually
heralded by heavy weather in Oregon or in the Shasta region, whence the rain wind works backward, so to speak,
until it exhansts itself in the southern part of the San J oaquin valley, where the San Fernando ran ge seems to form a
partial weather divid_e, leaving the Los Angeles region more or less independent of the changes to the northward.

.Some_t.imes the rain-storin works chiefly down the coast, leaving the great valley almost dry, in which case Los
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Angeles and San Diego usunally get a fair proportion of its benefit. Sometimes prolonged and severe storms cover the
entire state and extend far into British Columbia and Arizona. As thunder and lightning rarely form a part of
the atmospheric disturbance, the rain usually falls gently and continuously, rather than in torrents, and thus chiefly
Soaks into the ground. Sometimes a fierce south wind drives it for a day or two, and then generally there comes a
change; the wind gradually veers to the westward, then more rapidly to northwest and north, and with a heavy
shower the sky clears suddenly and a “norther” sets in; though not ordinarily bringing a very low thermometer,
it often feels bitingly and penetratingly cold, because of its veloeity and dryness, which cause rapid evaporation.
Before the ‘norther” the surface moisture quickly disappears, muddy roads bheeome as rough as if frozen, and
-compact ground cracks after a few days. Any long prevalence of this wind is looked upon with dread at all seasons,
-on account of the waste of moisture which it involves even when cold. Inautumn and in spring, when its temperature
is higher, the young grain often withers before it,’and from May to September (when it is fortunately of rare
-oceurrence) it sometimes becomes a veritable simoon, like the breatlh of a hot furnace, shriveling up the grain when
in milk and sometimes almost curing the standing crops into hay. To the seaward of the Coast range the “norther?”
is rarely of long duration, three days being its ordinary limit; but in the great valley, and especially in the valley
-of the San Joaquin, it is both more frequent and persistent, occasionally blighting in a week all the hopes of the
grain-grower not able to resort to irrigation, and even drying the fruit on the trees. ISast winds are only of brief
and local occurrence, being ordinarily cut off by the mountain ranges in their north and south course. They are
usually the precursors of a “ southwester”, with rain.

Outside of the mountaing the velocity of the wind rarely becomes so great as to endanger any well-constructed

windmills, which are therefore very generally in use as a motive power, e@pecially for pumping water. In the
.absence of electrical disturbance hurricanes and * tornadoes?” are scarcely known, save iu the high Sierras, where
Jocal summer thunder-storms, sometimes accompanied by cloud-bursts, may be observed among the high peaks,
‘in curious contrast to the unclouded brightness of the sky overhanging the valley.

TEMPERATURE.—The prominent characteristic of the California coast in respect to temperature is its
remarkable temperateness as compared with points similarly located on the Atlantic coast. Taking stations at or
near the extreme and middle points of corresponding latitude on both coasts, the comparison stands thus:

CALIFORNIA COAST, ' : ATLANTIC COART.
Stations, } Summer. | Winter. Year. Stations. Summer.| Winter, Yeaor..
. ‘ Degrees. Degrees, Degrees. Dagrees. Degrees. Degrecs.
«CampLineoln....cciaeeseuiennneecananniannan 80,5 47.2 53.9 | Boaton, Massachusetts. .cvurveerrennrsnann- 68,7 | - 28,1 48. 4
San Francisco..ccaviiieiiavuanieeeiinneiionnns 58.0 50.1 , 05.2 || Cape Charles, Virginin .......ccoocianin. } 74,8 35.8 66, 0
i8R0 DIBZO - nivre i i it ieiaaee e 69,7 64,1 62.1 || Edisto, South Caroling. ....c.ccvcevencananses 8L 0 46.6 4.3

It will be noted that while the annual averages of cowespondmg points on the two coasts are not very widely
-different, the temperatures of summer and those of winter are very much farther mpart on the eastern coast than
-on the Western, and quite as strikingly so in the nortflern as in the southern portion of the respective regions, This
-exemption from extremes of temperature constitutes one of the great attractions of the Pacific coast.

In the interior, notably in the great valley, the seasons show greater extremes of temperature, but the greater
range of the thermometer is largely offset by tke fact that the dryness of the atmosphere renders the changes
much less sensible than is the case in the moister air of the coast. It is thus at San Trancisco, which presents
the extreme of the coast climate on account of its peninsular position and the access of the sea air through the Golden
-Gate, those familiar with the climate making a careful distinction between the sunny and the shady side of the
.streets in walking, and bay windows, of necessity, take the place of porticoes or porches, which would rarely be
available save in the middle of the day, while in the interior porticoes are universal, and camping out under a free
all night may be indulged in with impunity by any one during the dry season,

The table on pagé 10 shows more in detail the difference between the coast climates on the one hand and those

-of the interior on the other, it being understood that in the measure in which the valleys are sereened from the

immediate access of the sea air and summer fogs their climate approaches in character that of the great valley.
‘ ' 667
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WESTERN OR COAST DIVISION.

GENERAL AVERAGE. MONTHHY EXTREMES,
Years of ]
Station. Connty. Fél_evu- obser- Summer. [ Winter.
108 | gation, .
Summer. | Winter. | Year. o Tt
ax- - ;
fmum, | Yoor mum. | Yesr.

COAST REGION, NORTH. Feet. Degrees. | Dagrees. | Degrees. || Degroes. Degrees.
Camp Lineoln . .. cuoobe i crcnvanacnraaans Del NOrtd.eeveemeeeneeenes]ernnnnns 2 69,6 47.2 53,9 [|curracanns]es CETTURYS [ECEPTTITEY RN
Fort Humboldt* .. .| Bumholdb ... 16 . 58,2 47.0 52.9
Camp Wright*. . oo eeees Mendoeino.....ccocmn oune N 4.7 58.8 57.8

COAST REGION, MIDDLE.
Napa y 95 5 70.8 40.8 59.9
San Franclsce*. ...coeeeno.. e e eneaeannn San Franciseo....oeovennns 130 11 58.0 §0.1|.  56.2
L0314 5% 14 S, Alameda oovivaeeninnian, 14 5 67.8 52.2 57.7
R i 1 SRS ContraCosta..eeeeoeeiaaf o o, 4 0.1 48.9 60. 3
553 B T T Santa Clara...... Feraraeas 01 7 66. 7 49.5 56,8
Santa Oruz «ooveeeiniiiiiiarciaciarna eaaas Santa Cruz .evvreeenias i 2,500 4 62,9 50.5 50,2

COAST REGION, BOUTH. ' S _
Morterey* -..vveeenennn.. e encmeraenaeaiamasana, Monterey.ceeercormananen. 140 12 59.7 50.2 iR T | PN SURRPI B LE N P
Salinag,..ouenieaenoo. R [ N ' 6 60.6 50.8 65, 6 65. 1 1877 43,9 1882
Soledad (interior}.... do 8 66.9 48.8 57.8 7.3 1876 : 41.8 1877
Santa Barbarat ......... O R Santa Barbara .. 7 67.9 54,1 61.4 70,0 {1874-'6~'7 50.4 1875+
108 ADZEIB «vuuneioceiec e aaan et Los Ahgeles 7 78,2 56,6 64,9 83.8 1876 40,9 1882:

INTERIOR VALLEY.
Riverside (R.do Jurupa)* .............ceoo-...| Son Bernardine........... 1,000 | . 1} 742 53.2 L2 | S R | [ F
(6101 U US U R A0 e coveeeearinns 265 4 80.1 50,2 631 86.1 1879 44.9 1882 .
San DIego™. oo e aeviare i e raaas SanDiego.....oveeeennnn.. 64 20 80.7 541 (i | PO PR ] e
INTERIOR AND EASTERN DIVISIONS.
NORTHERN SIERRA AND LAVA BEDS. .
Fort Jomes*......... feviereemscnianianiaen SISKIFOU eern st meannee 2,670 B 711 4.1 52,8
Fort Bidwell* . ... iiiiiine e innes Modoe ceunmnniiiieee 4, 680 b 7.1 32.8 50.8
GREAT VALLEY (SACRAMENTO DIVISION), I )
Redding ............. N B 1 1117 £ 556 7 8L 6 47.3 63. 4 87.2 1879 42,51 ' 1880
TRed Bluff 308 10 80.8 47.5 64.7 88.9 1875 30.9 | - 1870~
Margavillo . .oooonrviiiiiii e 67 0 | 7.7 40,6 64,4 83.9 1871 44,4 1880
SaCramento ... oo, y 30 10 L8] 482 60.8 78.9 1876 48.0 1880
FOOT-HILLS OF THE SIERRA. ‘ . '
[R5 2 P Placer vuvvveniiinranannnn. 1, 360 11 4.1 45. 4 58,6 80.5 1875 80.8 1682
HIGH BIERRA. \
CiSCO oo e Q0 eeeiiineiiiia 5,084 11 60.9 32.7 45,2 31 1871 26.3 1880
LS L) L Nevada cceeersennninnnns 5,819 11 611 21.7 43,3 » 70.3 1871 21.7 {1874-'80-
GREAT VALLEY (BAN JOAQUIN IVISION). v o,

-Stockton 23 10 72.6 48.2 60. 8 77.7 | 187274 44,0 1879
Modesto 01 8 78.2 47.8 63.2 85.3 1879 40.4 1881
S o T . 171 9 79.1 49.0 63,4 831 1874 43.2 1876
FLE8R0 vvv e viece it e e . 292 5 84.1 51.3 87,6 90. 0 . 1878 43.9 1883
B Y 282 G 8%, 8 45,9 64.4 05, 2 1874 30.1 1874
SUIRDET Lot 415 7 86.2 48,7 67.5 93,0 1875 41,90 1878-

* From Smithsonian tables, compiled to December, 1870, from many sources, and represent calendar years.
t From reeord by Dr. L. N. Dimmiek, Santa Barbara, J anuary, 1871, to December, 1878.

All other tables are from observations of the Central Pagific railroad, published in the Pacific Rural Press, J. apuary, 1883, They represent season years (from’
July I to June 8¢). . .

As to the change in temperature in aseénding the Sierra from the valley, the following statement is made by
Mz. B. B. Redding in a paper read before the California Academy of Sciences in 1878: (a)

. It hasbeen found that the foot-hills of the Sierra up to the height of about 2
places in the valley lying in the same latitude. It hasalso been found that with incereased elevation there is an increase of rainfall over
those places tn the valley having the same latitude, as, for ingtance, Sacramento, twith an elevation above tlie sea of 30 feet, has an annual
mean temperature of 60.5° and an average rainfall of 18.8 inches, while Colfax, with an elevation of 2,421 feet, has an annual mean
temperature of 60.1° and an annual rainfall of 42,7 inchies. 'This uniformity of temperature and ircrease of rainfall appears to be the law
througheut the whole extent of the foot-hills of the Sierra, with this variation as relates to temperature, viz, that as the latitude decrenses
the temperature of the valley is continued to a greater olevation. To illustrate, approximately, if the temperature of Redding, at the
northern end of the valley, is continwed to the height of 2,000 feet, then the temperattire of Sacramento, in the ecenter of the valley, would
be continued up to 2,500 feet, and that of Swmner, aflthe extreme southern end of the valley, to 3,000 feet.

It is curious to note that, as appears from Mr. Redding’s statement, the lowest temperatures thus far
observed ab the tivo opposite ends of the valley, Redding and Sumner, are the same, viz, 27°.

\ oda . o Pacific Rural Press, J anuary 18, 1879, (

,500 feet have approximately the same temperature as. -
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Tt will be noted that in the southern region the difference between the summer means or between winter means,
as well as between the annual means, is quite small when Santa Barbara and San Diego, both lying immediately on
the coast, are compared. At Los Angeles, 20 miles inland, all these means are notably higher; still farther inland,
and with increasing elevation, the summer mean rises, while the winter mean falls at Riverside, as well as more
strikingly at Colton althougli at the latter point the annual mean is almost the same as at Los Angeles.

To convey an easily intelligible idea of some of the climatic differences indicated in the table, it may be stated
that while in the great valley a few inches of snow cover the ground for a short time nearly every winter as far south as
Sacramento, and snow flurries are occasionally seen even at the upper end of the San Joaquin valley, snow has fallen
in the streets of San Francisco only once since the American occupation to such a depth as to allow of snowballing
(which during a few hours created a state of anarchy), and only afew times has enough fallen to whiten the ground
for a few minutes or hours. Hence the heliotrope, fuehsia, calla lily, and similar plants endure year after year in the
open air, while at a corresponding latitude in the interior they require some winter protection. Lemon and orange
trees nover suffer from frost on the bay, but their fruit also rarely ripens, save in favored localities. In the interior

these trees more frequently suffer from frost, but the high summer temperature matures the fruit some weeks earlier
' than even in the southern coast region. Cotton would, as arule, be frost-killed in the great valleyin November, while
on the coast it might endure through several mild winters ; but within reach of the surnmer fogs of the coast it fails
to attain a greater height than eight or ten inches the first season, and sometimes can scarcely succeed in coming
to bloom before October. Subtropical trees, which in the cotton states grow rapidly and luzuriantly, snch as the
crape myrtle, Paulownia, Catalpa, Mimosa (Julibrissin), and others, either grow very slowly or remain mere shrubs
in the coast climate, while in the interior they develop as in the Gulfstates. The vine flourishes near San Francisco,
but fails to mature its fruit; yet it yiélds abundant and choice crops near San José, where the immediate access of
the coast fogs is intercepted by arange of hills. It is thus obvious that, with the varying topography, the change in
the direction of a valley or a mountain range, the occurrence of a gap or of a high peal in the same permitting or
intercepting communication with the coast on the one hand or with the interior on the other, there exist innumerable
local climates, ¢ thermal belts,” sheltered nooks, and exposed locations, each of which bas its peculiar adaptations
apart from soil, and the recognition and utilization of these adaptations require knowledge and good judgment
_and count heavily in the scale for or against success in agriculture in California. ¢

RAINFALL.—AS regards the rainfall, the prominent peculiarity throughout the state is the practically rainless
summer. While it is true that rain has been known to fall in every month in the year, the average amount of
precipitation during the three summer months is less than one inch in the greater portion of the state, and less
than two inches even in the most favored part, viz, the counties just north of San Francisco bay. Frequently nota
‘drop of rain falls in the interior valley and the southern region from the middle of May to November, and as the
agricultural system of California is based upon the expectation of this dry weather snmmer rains are not even
desired by the farmers at large. Northward, in the mountainous and platean regions adjoining Oregon, the season
of drought becomes shorter, as is also the case in the high Sierras, and thus there is a gradual transition toward
the familiar rdgime of summer rains and occasional thunder-storms which prevails in Oregon and Washington
west of the Cascade range. '

Since the growing season, in the case of unirrigated lands at least, thus practically lies between November
and June, and each harvest is essentially governed by the rains occurring within these limits, it is the vniversal
and unconscious practice to ceunt the rainfall by “seasous” instead of by calendar years; hence the current estimate
of local rainfall-averages in California differs not immaterially frow that of the usual meteorological tables, in which
the paramount distinetion between the agriculturally “dry” and “ wet? seasons is more or less obliterated. The
data hereinafter given are therefore, as a rule, ¢seasonal” and not “amnual”, and arve largely those of the
observations conducted along its lines by the Oentral and Southern Pacific railroad.

The mean annual rainfall of the greater (middle and southern) part of the state is less than 20 inches, the
northern limit of that region lying between Sacramento and Marysville, in the great valley; while on the Sierras
the region of rainfall between 20 and 26 inches extends as far south as the heads of King’s and Kern rivers,
furnishing the waters upon which depends the irrigation of the San Joaquin valley ; thence southward the rain-gauge
rapidly descends to 8 and 4 inches and less in the Kern valley, the Mojave desert, and the basin of Nevada.

A rapid decrease of rainfall is observed in the great interior valley. From 42inches at Redding, at the northern
end of the valley, and 24 inches at Red Bluff, 24 miles to the southward, the annual mean falls te about 19 inches
at Sacramento and to.16 at Stockton, Thence southward the rainfall descends to a mean of only 10 inches at
Merced, 7 at Fresno, and 4 at Bakersfield, near the southern end of the San Joaquin valley, separated only by the
Tehachapi mountains from the western margin of the Mojave desert, in whieh the rainfall is still less. .

Along the coast proper cape Mendocino bears the reputation of a kind of weather divide. Mariners expect a
change of weather whenever they round this cape, and on land it marks the region where the character of vegetation
begins to change rapidly from that of southern or middle California toward that of Oregon. At and immediately
north of the cape the rainfall reaches an annual mean of 40 inches. A short distance southward, at point Arenas,
the snnual fall is 26 inches ; and from 23 to 21 inches in the region of San Francisco, it falls to 16 inches at Monterey

and Santa Barbara, 12 at Los Angeles, and 9 at San Diego. 669
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, Northward of cape Mendocino the rainfall increases rapidly, rising to over 70 inches in the northwestern corner
of the state. Inland from the coast the increase is less rapid, but the rainfall rises at points in the Shasta region.
to as much as 108 inches in some years. Southward the region of rainfall exceeding 20 inches extends in the Coast
range slightly farther south than in the great valley, so as to include all but the most southerly portions of the

i counties of Sonoma, Napa, and Marin. Southward of San Francisco again a region. of more abundant rainfall

includes the western Santa Clara valley, Santa Cruz mountaing, Monterey bay, and the lower Salinas valley, where

b from. 13 to 16 inches fall annually.

| Ascending the Sierra from the great valley there is a rapid increase of rainfall, which, from data furnished by

= the records of the railroad, may be estimated at 1 inch for every 100 to 150 feet of ascent.

! The following tables show more in detail the rainfall averages for representative points, the data being derived

; mainly from the observation made under the auspices of the Central and Southern Pacific railroad, and given for

‘“geagons ” reaching from July to June, inclusive. The data derived from the Smithsonian tables are marked by
an asterisk, and refer to ordinary annual instead of seasonal means:

WESTERN OR COAST DIVISION. : ‘
Ye}xrs X s
Station. - County. %lig;"’" of obser- | Average, :ggﬁ‘ Yoar. ﬁﬁﬁ: Yenr.
- vation.
COAST RANGE, KORTH. Feet, Inches. | Inches. Inches.
Coamp Lincoln® .o e e scumrsocnnionmeneresonnsmenes DelNorte.eummeiciniireninnanss rerenrees 2 7.4
i - Fort Humboldt® «oons oo e ++..| Humboldt 18 85,0
Comp Wright e o e et Mendocine 6 43,9
COAST RANGH, MIDDLE.
APR cenrteieceinnnacsenreansnsessannnananainres Napa covvenvmmcn e erearas 95 5 26,6 34.7 187778 171 1881~'82
San Franeisco” oo e oot iiinaees -+ San Franciseo «voeee.ovannaa... - 130 10 20.7 82.1 189778 8.8 1876-'77
Oakland ceaeieinniiriiiir et Alameda. ..o ocnionreiiinniiiann.. 14 5 20.6 2.3 1877-'78 0.6 1881-'82,
Martinez ceecueone. . . Contra Costa .o vnvnien, cuu. [N 4 16,1 19.7 1880-'81 12.9 1881~'82
San JO36m. e v rerreriiieeiii i anaanaas .| Santa Claxd. coeureiiescmveenonnnnn 91 8 11. 4 19.8 1877-'78 50 1878-'77
Santa Cruz. . coo o ccceic e cciicnriraa e e reaas Santa C1uz cevveoiiiiiiii, ..., 2, 00 5 26, 4 39.2 1877-'78 22.0 | 1878-'7%
COAST RANGE, SOUTH,
MOnUerey  ouerner it iiiiiaaca s ST Monterey.....ovueeemcneanann e 140 12 D
Ballmas ool i cee e e TR : I SN SO CUTUIN AP 9 12.8 23.7 1877-'78 3.9 1876-'77
Soledad (INtOrior) oo o orvroe oo e iarer e aerenana]eneean A0 teininac e 8,218 8 7.0 156.3 1875-'76 2.7 1876-"77
Santa Barbarat «.o.vviiiniiimirirsriictia e anaans Santa Barbara .v.eeeiceiivncioan 20 11 16.2 8L56 1877-"78 4.5 - 1876-'77
Lo8 ANEELOS «evnreniivcce e rcrncne s s e aans Los Angeles - . coomeeitvevnnnnarens 265 7 2.0 21.9 1875-'76 4.8 1870-'77
INTERIOR VATLEY. )
Riverside (R, do Jurnpa)* .coeeevoiiiae. 1,000 13 A | O P T DR
[ 8.2 14,5 1877-"18 50 1876-"77
20 R | IO R SN R

i
|
i
i
!
!
i
i
1
|
!
!
H
;
!

NORTIHERN SIERKA AND LAVA BEDS,
B S L 1 Y D .| Slgkiyou ............. A eeeaas 2, 570 5 P T | R PPN FORIERN P
Fort Bidwell* ... coovinniiniiiiiiiie e ceeen, ModoC neereen i i e 4,080 5 0 | Ui N PN
GREAT YALLEY (BACRAMENTO DIVIEION).
Redding . 556 7 42,1 60.0 1877-'78 25,4 1881-'82
Red Bluff ... 308 10 4.0 62.7 187778 13,6 1874-"T5
Maryaville ... wee 67 1 17.8 26, 9 187374 12,2 1876-'17
Bacramento .. ... e 30 32 18.7 265.6 1875-'76 9.3 1876-"77
FOOT-HILLA OF THE EIHRRA. ,
Y PIACET vvvniimeiieenninceaaenn 1,360 11 84,0 44,3 1875-"76 18,9 1878-"77
HIGH SIERRA.
L0310, PO I 1 G I 5,834 11 60,8 82,7 1880-'81 34,1 1876-'77
TEREKBO rmeaen s iirieeiiemanciieirannreeenencssacnes| NOVAAR cvveunnn goreetmmeen s 6, 810 11 34,1 44,0 1871-'72 18.0 1876-"77
GREAT YALLEY (SAN JOAQUIN DIVIBION).
Stockton San JoRQUIN vecirieinnririnererans 23 32 15.8 20.6 1871-72 7,2 1876-"17
Stanislans ......ocoveoiiiiiienao. 91 11 9.6 13,4 1875-'76 4.3 1876-'77
m 10 9.7 12,7 1875-'76 3.2 1876-"77
h 202 5 7.0 8.9 187778 4.9 1878-'79
282 8 6.2 10.0 1880-'8¥ 3.1 1878-'79
415 7 4.2 80 1877-'78 1.3 1878-'T9

*From Smithsonian tables, compiled to December, 11870, from many sources, and represent calendar years,
¥ t From the records of Shaw, Bowers, and Tebbetts, Santa Barbara, from 1867 to 1868, . .
: ’ All othar tables are from observations of the Central Pacifie railvond, published in the Pacifie Rural Press, J anuary, 1883, They represent season years
{from July 1 to June 30). :
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Were the rainfalls of 20 inches and less distributed over the whole or even the greater part of an ordinary
season of the temperate zone, it would be altogether inadequate for the growing of cereal or other nsual crops of”
that zone; but since in California nearly the whole of it usnally falls within. six months (November and April
inclusive), and by far the greater part within the three winter mounths, during which a * growing temperature” for
all the hardier erops commonly prevails, it becomes perfectly feasible to mature grain and other field crops before the
setting in of the rainless summer, provided only that the aggregate of moisture has been adequate and its.
distribution reasonably favorable. The grain sown into the dust of a summer-fallowed field begins to sprout with
the first rain, and thenceforward grows more or less slowly, but continuously, through the winter; itis ready to head
at the first setting in of warm weather, from the end of March to May, according to latitude, and becomes ready
for the reaper from the end of May to the end of June. Once harvested, the grain may be left in the field for several
months, thrashed or unthrashed, without fear of rain or thunder-storms. As a matter of course, the grain-grower
may also, at his option, sow his grain at any time after the beginning of the rains, and good crops are sometimes.
obtained from sowings made late in February. Usually, however, the late-sown grain is cut for hay when in the
milk, in April and May, for since meadows can form no part of the agricultural system, except where irrigation is.
feasible, the hay grasses commonly grown.in the eastern states ave available ounly to a limited extent, and wheat,.
barley, and oats take their place. Again, there is no strict distinetion or limit between fall and spring grain, since-
the sowing season extends from October to February, Thus the winter months are a very busy season for the
farmer in California, as he has to watch his opportunity for putting in his erop between rains, The time between
laying-by and harvest is nearly filled up by gardening and haying operations. Thelatter are occa sionally interrupted
by one or two light showers, rarely enough to injure the quality of the hay. Protracted rainy spells or thunder-
storms, calling for hasty gathering of the cut grain into shocks, are unknown in harvest time, as are also sprouted or:
spoiled grain, except when the sacked grain is left out in the fields so late as to catch the first antumn rains. Tt will
thus be seen that midsummer finds the Oalifornia grain-grower comparatively at leisure.

But while the culture of hardy plants of rapid development was the first and most obvious expedient resorted.
to by the American settlers in order to utilize the fertile soils of the region of rainless summers, that of selecting
culture plants adapted to arid climates was the one naturally suggesting itself to the missionary padres, who.
brought with them from the Mediterranean region of Europe the vine, the fig, the olive, the eitrus fruits, ag well:
as from the adjacent portions of Mexico the culture of cotton, to which, however, but little attention was given-
by them, the growing of wool being better adapted to the temper of their native laborers. And as they relied.
largely on irrigation for the success of their annual crops, it was only in very extreme cases that a deficient rainfall-
so affected their interests as to give the facta place in their records.

Variation and periodicity of rainfall—While the means of rainfall given above will not vary widely when any-
large numbers of years are taken together, the variations from one year to another are often suffieiently great to-
~ tempt many to invest heavily in putting in crops on the chances of a favorable season, which would bring a fortune-
at one venture, but sometimes results in a total loss, and consequent ruin to the investor. Such cases of agricultural
gambling were at one time not uncommon in the San Joaquin valley especially, the turning point of profit or loss.
being.a single light shower at the critical time or the occurrence of a norther for a day or two. Much ingenuity
Jhas been spentin trying to forecast the weather for the season in time to determine the. chances of success ; but it willl
generally be found that the oldest citizen, if he is candid, will be far more reserved in his opinions than later:
comers. However steady and reliable the summer climate may be, that of a California winter is most diffcult to-
forecast from day to day and from week to week; and, while there are certain rules that are ordinarily counted.
upon, the cases where “all signs fail” are very frequent and surprises are abundant. A discussion of the-
observations made from 1849 to 1877, by Dr. G. F. Becker, late of the University of California, and now of the:
United States geological survey, seems to indicate as probable a cycle of thirteen years between extreme minima:
or drought years, and some data I have since obtained from the records of the missions seem to confirm still further
this conclusion. The first minimum within the time of the American occupation of California oceurred in the
season of 1850-’51, when the rainfall at San Francisco (where the mean is 233 inches) was only 7.4, while it had.
amounted to 33.1 the year before ; the second minimum occurred in 1863-’64, when the rainfall at San Franecisco was:
10.1 Tuches ; and the third was the season of 1876-'77, with 10 inches. The next succeeding season of minimum.

would be that of 1889790, o1
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The following table, given by Dr. Becker, exhibitsthese facts, as also the probabilities deduced for the intervening
years, from a discussion of the dature of the curves representing the observations: (@) C

Observations, periodicity, and probabilities of rainfull, San Francisco.

[Tennent's gauge.]

Soasons. Ratnfall, 1 ‘Sousons, | Rainfall, I‘osélfggﬁin Pil;‘inc.‘gnfl‘:)lxl'h
] D * | the years.
i T ;
Inches. ‘ ’ Inches. TInches.
1850-'51 7.40 | 180864 10.08 I 11.50 |
185152 ... 18,44 | 180403 24,73 I 20, 50
1852-'53 85,26 | 1805-'06 2,98 01 27,40
1853-"54 23,87 ‘ 18066-'67 34,92 v < 30,50
1851536 ... 25,68 1867-168 38,84 v 98,30
1855-"50 21,60 | 1868-'60- 21.85 vI 93,30
1856-"57 1.8 | 186970 19.51 VII 19,30
1857-"58 . ... aLgs | 187071 14.10 VI 19. 60
1858-'59 29,92 | 18T1-'7% T IX 95. 00
1859-'60 ange | 1872273 18.02 X 28,20
1860-'61 10,72 | 1873-'T4 23,08 |~ XI 28, 50
1861-762 ... 40,27 \ 187475 18,40 XIT 28, 50
186263 18,62 : 187570 sgol | XIIL 19,00
) O B0 15 |oeraanneen BOT.88 |veeenroanenn 309, 60
1849150 1o mememeanaemmemeane 33.10 | 1876-77 10000 Lunenemarene]rreeenmaenns !

\Similar tables for Sacramento and Stockton exhibit the same general fi catures.

From informasion kindly Tarnished me by H. H. Baneroft, esq., of San Traneisco, it appears in the records of the carly explorers of
California that the year 1805 is known as ‘ El afio del hambre” (the year of the famine), the drought having Leen extraordinarily severe,
and nearly the same account is given of the year 1817, It will be observed that these dates indicate a period of twelve years between
themselves, and that the interval from the last-mentioned date to 1877 (for whose drought years as yet no data have been found) is also
divisible by the same number. It is quite intelligible that asthe result of several concurrent and variable causes the period may vary
between such limits as twelve and thirteen.

Should farther observations eonfirin the existence of this definite periodicity, the forecast, even to this extent,
would be of immense service to agriculture in California, since the nature of the crops, as well as their treatment,
could, in a measure, be adapted to the civcumstances of: these “lean-years”. Still, the portion of the valley lying
south of Stockton will always Le a region of pr_edominant' irvigation, while in the northern portion a proper and
intelligent co-adaptation of crops and soils can render agriculture move or less independent of that necessity. As
the matter now stands, it is estimated that in the southern portion of San Joaquin county one good erop out of threé
may be made without irrigation, while south of Merced one in five is about all that can be counted on in the
undalating uplands bordering the foot-hills. Other things being equal, much of course depends upon the nature
and depth of sail, the perfection and depth of tillage, and the practice of after-cultivation as against broadeasting.
To guard against the effects of northers, and to prevent all avoidable evaporation of the precious moisture, it is
the universal practice to roll the grain-fields as late as it can be done without injury to the growing grain. Oun
sandy soils this can hardly be overdone; but on clay soils, should they be too wet when tolled, the effect will be
the exact reverse of what is desired, and great injury often results. ' ‘

It is the general estimate that whenever the rains have been adequate to make the moisture from above meet

that rising from below a crqp may be secured if the season be reasonably favorable; and since, other things being
equal, the depth at which moisture is found at the end of the'dry season will depend upon the amount of rainfall
during the previous season, it makes a material difference whether a droughty season has been preceded by a wet
one (as was the case in 1850-’51), or whether a scant rainfall preceded a deficient one, In the middle portion of the
valley the summer’s drought will reach on untilled soils to the depth of from 3 to 5 feet, according to the nature of
the soil, and this mass has to be remoistened fully to that depth to give promise of success for field crops. When
on the contrary, the surface has been kept in a state of good tilth during the summer (*summer fallowed”), the
moisture will be found at a much less depth, the remoistening by the fall rains will be proportionally more rapid,
and the chances for a erop will be materially increased from that canse alone. ,
' Iu the extreme south of ‘the San Joaquin valley the annual rainfall rarely moistens the soil to a greater depth
than 2 or 3 feet, and in digging or boring wells in districts not irrigated the materials are found dry as dust to the
depth of 40 feet: and even more. * At the first beginning of irrigation this entire mass has to be.moistened before
moisture will permanently remain within reach of the tap-roots of plants, and a very large amouwnt of water is
therefore at first required; but gradually the ground fills up, the water-table, and with it the plane of sensible
moisture, rises more or less rapidly, the efféct becoming perceptible atthe distance of many miles in the porous soils
of the plaing, and ultimately the amount of water annually needed for irrigation becomes a small part of that
needed during the first years. | '

672 a See Bulletin No. 31 of the University of California, February, 1878
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Trrigation in Californic.—Since the greater part of the state of California lies within the limits of the ¢ arid ”
region as defined by Major Powell,(a) viz, a region having a rainfall of 20 inches and less, and within which
successful agriculture is, as a rule, dependent upon irrigation, a diseussion of the general aspects of this subject
must of necessity precede any detailed presentation of the agricultural features and practice.

As has been before noted, the peculiar mode of distribution of the rainfall through the geagon—nearly all falling
from November to May, and during the prevalence of a growing temperature for the hardier field crops, such as
cereals and grasses—permits the full maturing of crops of rapid development before the setting in of the summer
drought, at least in the more northern part of the region of scanty rainfall. In the warmer southern portions, where
the evaporation is greater, a larger supply of water is necessary to insure crops; but, as the tables show, these
portions have a scantier rainfall. Hence the necessity for irrigation becomes rapidly greater as we advance
southward, and finally absolute, at least in the valleys. The lands lying near high ranges, and especially to
the westward, are agriculturally favored by a greater precipitation, due to the condensation of moisture by such
mountains, but the immediate coast, as well as the foot-hills of the Sierra, is less dependent upon irrigation than
the plain of the great valley.

The commanding importance of the subject of irrigation in the state of California has repeatedly secured for
it legislative attention, but no general measures toward ascertaining the resources of the state in lands and waters
adapted to irrigation were taken prior to the year 1878, when an act was passed providing for the appointment of
a state engineer, whose duties were defined to be, * under the.direction of the governor, to investigate the problems
of the irrigation of the plains, the condition and capacity of the great drainage lines of the state, and the
improvement of the navigation of rivers.” A succeeding portion of the act imposes the duty of inquiring into and.
reporting upon “the question of the flow of débris from the hydraulic mines into the streams, and the injury to
agricultural lands by the flow of ddbris thereon?”.

Between 1878 and 1880 the work on both of these important branches of inquiry was actively prosecuted under
the able direction of Mr. William Hammond Hall as state engineer, and in January, 1880, he submitted to the
legistature, then in session, his first report, a highly important document. Most of the numerical data hereinafter
. given are taken from this report. Unfortunately, the agitation in regard to the mining débris question, which
bas inereasingly irritated the public mind ever since the passage of the act providing for the building of dams to
impound the tailings of the hydraulic mines, has overshadowed the irrigation problem for the past two years, and
caused a curtailment of the appropriation available for that branch of the work.

The prominent point brought out in this litigation that has vexed the courts for several years past is
the irrepressible conflict between the provisions of the common law on the subject of riparian rights and the
requirements of agriculture in a region requiring irrigation. The declaration of the former that every riparian
owner is entitled to the undiminished volume of the stream (intended evidently for the safeguarding of the interests
of the uses of water-power) strikes at the very foundation of the nse of water for irrigation purposes, and is
thoroughly incompatible with such use, and, therefore, with the very existence of agriculture in the arid region ;
yet this law has been invoked again and again in Calitornia by riparian owners claiming the undiminished volume
of the streams from those above them, while fully inteuding to use it freely on their own lands. The courts of the
state have been embarrassed by the conflict of the acknowledged foundation of American civil law with the manifest
equities of the cases before them. Decisions lately made, however, distinctly affirm that the common-law doctrine
is not in this respect applicable in irrigation districts. »

The control of water now used in irrigation ditehes in California is almost altogether based upon the right of
“prior appropriation ”, in pursuance of custom rather than law; a method not without its merits in respeet to the
promotion of irrigation enterprises, but liable to gross abuse in forestalling, sinee it places it within the power of '
the appropriator to carry the water to lands in which he is interested to the detriment even of riparian owners,
who, under the common law, are entitled only to so much water as they require for household and stock, but
not for irrigation. The forestalling, by means of the pre-emption, homestead, or timber privileges, of all the
water-supply from springs available during the dry season has in California created a situation in which many
such pre-emptors of 160 acres are, as a matter of fact, t“lords of all they survey,” since no one ean occupy the
adjacent lands without paying them tribute for water supply; and this is still more emphatically true of owners
of large tracts, Spanish and Mexican grants, etc., which were usually selected originally because commanding water
supply. X , .

It is difficult to foresee how the many claims or rights acquired under this system in California ean now be
adjusted in accordance with the public interest without a severe wrenching of what it is usnal to consider ¢ vested
rights ?; but it will obviously become necessary to resors to the state’s ultimate right of eminent domain in condemning
the water available for irrigation to public use, under such regulations as will inure to the greatest good of the
greatest number. In framing these measures it should not be forgotten that irrigated land is much more
valuable and productive than that which is dependent upon the aceidents of the seasons, not only because of its
exemption from the risks and failures involved in the cultivation of unirrigated land evenin the “humid” portions of
the world, but also because of the important part taken by the solids dissolved or suspended in the irrigation water in

a See my article on the soils and agrienlture of California, by 1. W. Hilgard, in the report of the department for 1878, p. 478,
43 0 P—VOL. II 675
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increasing and maintaining the fartility of the soil. The irrigator is exempted from the necessity of supplying
manure to restore the soil ingredients withdrawn by his crops to an extent varying in different localities, but always
taking the form of a very tangible balance in his favor, in some cases (as in that of the valley of the Nile for ages
past) amounting to a complete relief from all consideration of the question of the maintenance of fertility, which is
intruding itself more and more urgently into the calculations of Amerlcan farmers and threateningly confronts
every tiller of the soil in the Old World.

These considerations justify the adoption of a much smaller unit for the farm in irrigation districts, the more
complete and systematic ntilization of the soil’s powers enabling a smaller area to subserve the needs of a family.
The unit of 80 acres, as suggested by Major Powell, instead of the usual 160, is certainly amply large in soils of any
reasonably adequate native fertility; for in the 1rr1gated colonies of southern California 20-acre lots are the usnal
homestead units on which industrious families make a fair living.

In these points of view may also be found a partial answer to the question frequently asked, what inducement
is there for the settler to occupy the regions, laboring, apparently, under so many natural disadvantages, when so
much fertile land remains unocecupied in more favored regions? Trom an abstract point of view the guestion seems
difficult to answer, but concretely the explanation lies in the fact that human nature will take risks where there is a
reasonable chance of success, as is the ¢ase in humid climates ; whereas in the arid regions, suceess being impossible
without irrigation, but becoming a certainty with it, farming becomes a much more safe, satisfactory, and paying
occupation. If, on the other hand, we inquire why it i§ that the abundant water supply of the humid regions is not
utilized with the same view of reducing the success of crops to a certainty, instead of risking the disastrous failures
that affliet them from time to time in the occurrence of droughts, we can but point to that same principle of human
nature which renders gambling so dangerously attractive and drives the ¢ prospector” to continue in the search
for new mines, rather than to settle down to the working of those he has already discovered.

Aside, however, from these considerations, the treelessness of irrigation countries is in itself not a slight
sadvantage to the settler of small eans, since it relieves him from the necessity of incurring the great expense
and delay of ‘“making a clearing”; an operation often involving in humid climates an expenditure altogether out
of proportion with the productive valne of the land. In the great valley of California, as in the prairies of the
West, the plow can be put into the land without any preliminaries; but there is no heavy sod, necessitating the use
of correspondingly heavy draft, the first plowing being nearly as easy as the later ones.

In climates having a long growing season, so far as temperature is concerned, the effects of irrigation on
actual production are almost startling. Thus, in the southern part of California, as well as in western Arizona,
crops may be started at whatever season suits the convenience of the grower, except two monthsin the year; and this .
holds true for market gardens as far north as San Francisco, where vegetables of nearly all kinds can be had in the
market almoest throughout the year. In Tulare and Kern counties five cuts of alfalfa have been taken off the same
field in a single season and ten tons of its hay made; of sorghum, Lgyptian corn, and pearl millet, when cut for
forage, with irrigation, three heavy cuts per acre have been made—an enormous yield, which, of course, could be
maintained only on a very strong soil, or, later, by the aid of manure. But irrigation enables the farmer to impart
to the penny a nimbleness unheard of in regions dependent upon the seasons alone. The investment of a certain
amount of money in land and manure can be “ turned over ” twice in the season, or even oftener in a region of long
summers. There is no reason why the same could not be done in the southern states but, as a matter of fact, it is
done only where irrigation is compulsory.

The main irrigable area in the state is the great interior valley, embracing altogether about 30,000 square
miles. Of this area about 11,300 square miles belong to the San Joaquin valley from the Cosumnes river to the
Tejon mountains, a maximum length of 260 miles by from 30 to 70 miles in width. It is here, as well as in the
southern region (Los Angeles, San Bernardino, and San Diego), that the irrigation question assumes the character of
a vital problem, a conditio sine qua non. In the Sacramento valley irrigation is but little resorted to on the east
side of the river, where, on the contrary, the mining débris problem agitates the public mind, and mining ditches
furnish the supply of irrigation water chiefly to the foot-hill lands and mountain plateans; while on the west side,
in the counties of Yolo, Solano, and Colusa, irrigation is again prominent, though not so vital as in the San Joaquin
valley, on account of the greater annual rainfall. Irrigation in the San Joaquin valley is thus far practically
confined to thatportion lying east of the trough and traversed by the rivers issuing from the Sierra Nevada. The
totalof the dry plain lands of this ‘east side ” embraces an area of 7,687 square miles, of which about 69 per cent.
may be assumed to be irrigable from the current water-sapply of the streams, Since the trough of the valley lies
much nearer the Coast range, in fact, touches the foot-hills at Buena Vista slough, in Kern county, the area of the
“west side” ig very much smaller, viz, about 2,689 square miles. As Mr. Hall says:

All south of Tulare lake and a large portion north of the lake, on the west side, may bo classed as non-irrigable land; notonly on
aceount of the absence of a sufficient water-supply, but by roason of the general unfitness of the soil for eultivation by irrigation. The
sources of supply for irrigation are Tulare lake, the S8an Joaquin river, and the small streams of the Coast range.

According to the analysis of its waters, Tnlare lake is altogether unfit, either as a source or even as a reservoir
of irrigation waters, on account of its alkalinity, as stated more in détail further on. The small intermittent creeks

flowing from the Coast range are but Ittle to be relied upon m this connection, the more as the porosity of the
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formations in that region renders storage very precarious. Supposing King’s and the San Joaquin river to be the
cnly available sources of supply, the irrigable lands of the west side would, according to Mr. Hall, be about 718
square miles, or 460,000 acres, making the grand total of lands irrigable from sources adjacent to the plain of the
San Joaquin valley (exclusive of storage in higher reservoirs) about 6,000 square miles, or 3,840,000 acres. Of this
vast area of highly productive soils only about 188,000 acres, or about 5 per cent., are estimated as being at present
under irrigation. ‘ '

Artesian water is to a limited extent already used for irrigation in the San Joaquin valley. In a few cases
saline and alkaline waters have heen obtained from the wells, but a considerable number have water that is no
more objectionable than that of Kern river at least. Of late such wells, yielding abundant streams, have been
obtained in Tulare county, in a region much troubled with alkali, which they will help to subdue. The possibilities
of the valley in this respect have hardly yet been approximately ascertained, and it is very important they should be.

In the Sacramento valley the lands irrigated from Cache creek aggregate about 13,400 acres. There are no
data for estimating the other irrigated lands of the plain, but the amount of irrigated land in the foot-hills of the
Sierra (chiefly opposite the central portion of the great valley) may be taken at about 9,000 acres.

‘With the exeeption of Cache and Putah ereeks, on the west side of the Sacramento valley, no important amount
of irrigation water can be derived from the Coast range except through winter storage, which has not thus far been
practiced. Tothe seaward of the Coast range small tracts of irrigated land are found from San Francisco southward,
but they form the exception northward of Santa Barbara. In the Salinas valley it is not convenient, because of the
small volume of the river and the lack of tributaries, and fair crops are made without it. Farther south it is more or
less practiced in many of the seaward valleys, very generally so in the valley of Santa Barbara, and thence southward
increasingly, until in the Los Angeles region the maximum proportion of irrigated lands is reached, the total in the
counties of Los Angeles and San Bernardino reaching nearly 85,000 acres, and but little land being cultivable
without it.

The amount of water available for irrigation can be very largely increased by winter storage in mountain
reservoirs, storage in the hot lowlands, on account of evaporation, being wasteful. This, however, requires large
capital and co-operative action, and will hardly be resorted to for some time to come, or until the water obtainable
by the diversion of streams is exhausted.

The practice of irrigation by flooding is by far the most prevalent in Oalifornia, but to a limited extent, in districts
with sandy soils, lateral seepage from ditches is alone relied upon; and still more limited is the practice of sub-
irrigation by means of cement pipe with ountlets, which has come into use mainly for orchards and vineyards,
especially where the supply of water is very limited, and can thus be made to do a much higher “duty ? than by any
other method. Its expense (vanging from $30 Lo 850 per acre) limits its application to crops of high value.

The duty of water under the ordinary systems varies greatly, not only according to the nature of the soil and
underlying materials, but also with regard to the time that has elapsed since the beginning of irrigation in each
district. This is especially apparent i the San Joaquin valley, whose porous soils are underlaid by sandy and
gravelly beds easily permeable by water; and which in their natural state show no trace of moisture sometimes o
the depth of 40 feet or more. At first all this dry mass requires to be saturated, and an enormous consumption
of water occurs, amounting to many times the quantity that after a few years will be found amply sufficient to
maintain vegetable growth. The water, of course, not only sinks vertically, but also drains sideways, and moisture
is gradually found at lessening depths and at increasing distances from the ditch and irrigated land, thus benefiting
parties altogether outside of the area intended. Again, irrigators ave generally inelined to use water with
unnecessary and even injurious liberality at first, until experience shows them that, especially in the case of fruit
crops, a certain moderate allowance only insures the best result. “Qver-irrigation” is the result of the natural
instinet to supplement amply the deficiencies left by nature, but its disadvantages are coming to be more and more
understood. ‘

Tt is hardly possible to give an averagg of the.duty of water in the irrigation districts of the state, but it may
be broadly said that it varies from as little as 50 acres per second-foot in the newly colonized distriets of the San
Joaquin valley to over 500 acres in the colonies of the southern or Los Angeles region.

AGRICULTURAL REGIONS OF CALIFORNIA.—In most of the states embraced within the present series of
reports the agricultaral divisions are naturally based upon differences of soil and surface conformation arising from
diversity of the underlying geological formations. In Oalifornia the natural and generally recognized subdivisions
are essentially dependent upon climatic differences, arising in the main from the topographical features, in which
the several geological formations, as such, play only a subordinate part. From this point of view the several
portions of the state may be conveniently considered under the following heads, transition zones of greater or less
extent intervening, of course, between the several areas here defined :

1. Region of the great valley, with high summer temperamre, intensely dry atmosphere, and no summer fogs.
It is subdivided into: ' B

A. The Sacramento valley, with from 20 to 40 inches rainfall; little irrigation needed. There is commonly
a light snowfall in winter, the temperature falling as low as 269, and frost temperatures at night for several
months. The prevalent winds  up valley” are from somewhat west of south,
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B. The San Joaquin valley, with from 4 to 16 inches of rainfall. Snow is rarely seen in the valley. The
summer temperature is higher than in the Sacramento valley, but the nights are usually cool, especially in the
upper part. Irrigation is needed for the safety of all field crops, and more or less for all others. The prevalent
winds are “ up valley”, 4. 6., from somewhat west of north. ,

2. Foot-Iill region of the Sierra Nevada and of the northern coast range up to 2,500 feet elevation. The rainfallis
greater than at corresponding points in the valley, increasing at the rate of one inch for from 100 to 150 feet ascent.
The summer temperature is about the same as in the valley; the winters are somewhat colder, yet in sheltered
locations frosts are very light. ‘

3. Semi-tropical or southern region.—This region consists of the counties of Los Angeles, San Diego, and part
of San Bernardino. The rainfall is from 13.6 to 9 inches, and irrigation is indispensable for almost all cultures.
Frosts are rare, permitting the culture of semi-tropical fruits in the open air despite an occasional cutting-back in
severe seasons. The prevailing summer winds are southwest, and fogs are rare. ) .

4. Arid plateau climate, or Southern desert region, with from 8 to 4 inches rainfall and less; very variable, and
some years almost none. This region embraces the Mojave and Colorado deserts, and is largely an irreclaimable
sand and alkali desert, but has some fertile valleys, yielding well when irrigated, such as Owen’s valley, Inyo county.

5. The coast region, having cool summers and warm winters, the ground rarely freezing, even superficially,
save in the most northerly portions. Cool and moist westerly winds are predominant. This region is subdivided
as follows: . _ .

A. Region north of the bay country, embracing— :

(a.) Region near cape Mendocino and north of it, with from 32 to 80 inches of rainfall, northwesterly winds
occasional summer showers and thunder-storms, and snow often lying several days in the valleys. This is a
transition to the Oregon climate. ~ ‘

(b.) Region south of cape Mendocino to the bay country, with from 20 to 32 inches of rainfall.

B. Eegion of San Francisco bay southward to Santa Cruz, with from 20 to 25 inches of rainfall and steady
westerly summer winds and fogs ; practically no summer showers, and no large-seale irrigation. Snow reaches the
valleys only exceptionally, but light frosts occur for several weeks in winter as a rule.

C. Region south of the bay country from Monterey to Los Angeles, with from 9 to 16 inches of rainfall, and
summer winds somewhat south of west, carrying fewer fogs than in the San Francisco region. Irrigation
ordinarily is needed for field erops. Snow occurs only on the mountaing, and frosts are rare.

6. Mountain region of the Sierra Nevada and northern Oalifornia.—Summer and winter is well defined, and
snow lies during several months in the higher regions to great depths, and with very severe cold. The rainfall
ranges from 20 inches at the south to 100 inches at the north.

A. Lava-bed region of northeastern California, with from 20 to 22 inches of rainfall.

B. Arid region of the eastern slope of the Sierra.

O. High Sierra, a region of fir and pine forests and pasturage.

THE GREAT VALLEY OF CALIFORNIA.

The great valley of California, embracing a large proportion (one-third) of the agricultural lands of the state,
is included between the foot-hills of the Sierra Nevada on the east and the Coast range on the west, the general
direction of its axis being nearly northwest and southeast. Its length from the Tejon mountains, on the south, to
Red Bluff) on the north, where the valley proper terminates, is about 400 miles, while its width varies from over 60 to
somewhat less than 40 miles. Ity total area is about 17,200 square miles.

Since the drainage is toward a point lying about three-fifths of its length from the southern end, where the
San Joaquin and Saecramento rivers unite at the head of Suisun bay, the general slope of the surface is of course in
that direction lengthwise. A cross-section will, in general, show the great drainage trough to lie westward of the axis
(especially in the San Joaquin valley), with a gentle talus-like slope toward it from the foot-hills of the Sierra, while
the Uoast range mostly falls off rather abruptly into the valley, or into the trough itself, This is the natural result
of the washing down of material from the long and elevated western slope of the Sierra, which also at present furnishes
practically all the drainage slope from which the waters of the valley are derived, while the drainage from the Coast
range is insignificant.” These talus lands constitute an upland plain—for such it appears to the eye~into which
the rivers emerging from the cafions of the foot-hills have cut valleys varying in depth from 40 to 140 feet at the
eastern margin of the valley, but becoming shallower as the trough of the main rivers is approached. These
lateral valleysv are mostly quite narrow, varying from less than a quarter of a mile to (rarely) as much as one mile
and more. They are usually timbered, and these timber belts form landmarks in the otherwise commonly treeless
plain that are mostly visible from one tributary to another. In the San J oaquin division the lateral valleys are mostly
bordered by abrupt bluffs; in the Sacramento valley rolling slopes come down to the bottoms proper.

In both valleys the main channel is, for a part of its course, bordered by fresh-water marshes, or “tule lands”,
From these theland rises gradually to the eastward to the level of the “plaing”, which on a large scale have a level

or gently rolling surface, while on the small scale they are to a considerable extent dotted with the sin gular rounded
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hillocks, popularly known as ¢ hog-wallows”, from 10 to 30feet in diameter and from 1 to 2 feet high, whichare evidently
the result of erosion, but precisely under what conditions it is difficult to explain, These hillocks are usually most
abundant near the foot-hills, with long scallops toward the valley, and the tracts seem to diminish in width toward the
axial “trough”, which they seldom reach, but they do not always bear any definite relation to the present streams.
They ocecur on all kinds of soil, and even on the rolling foot-hill lands themselves, constituting an obstacle to easy
cultivation that it is sometimes quite costly to remove; the more as their material is usually somewhat more compact:
than that of the intervening lower soil, and their leveling involves the baring of the subsoil. In some cases they
are so thickly set, abrupt, and resistant as to render the land valueless for ordinary cultivation. They are almost
always present on strongly alkaline soils, and one may often see them hearing good grain crops, while on the lower
portions of the land the soil is whitened with alkali and the grain is dying. Oddly enough, in other eases, in
consequence of differences in the capillary power of the seil in the two locations, precisely the reverse is seen.
“Hog-wallow land” does not, theretore, imply any definite character of soil in general, although locally the
character is often an exceedingly definite and distinet one.

The flood plains or tule lands of the streams are commonly bordered by more or less interrupted belts of land
impregnated with an unusual amount of soluble salts or ¢ alkali”, which, during the dry season, bloom out on the
surface and often interfere more or less with successful cultivation unless special precautions are taken to
counteract their influence. Alkali is also sometimes found on the higher lands, especially in the San Joaquin valley,
where the light rainfall is favorable to its accumulation. A discussion of this subject is given in the appendix to
the regional descriptions.

The larger streams of the great valley have two periods of fiood: one, caused directly by the winter rains,
usually in the latter part of December and in January ; the other, caused by the melting of the snows in the Sierra,
affects only the rivers heading there, but is the most important from the irrigator’s point of view, since it occurs at
the time when water is most needed, in March and April,its duration and degree varying greatly in different seasons.
The short streams heading in the foot-hills are, of course, only of limited importance to the irrigator so long as their
water is not stored in winter. '

The marsh or tule lands of both valleys will be considered jointly after the description of the higher lands.

THE SACRAMENTO VALLEY.

The length of the Sacramento valley from its extreme head, a few miles above Red Bluff, Tehama county, to the
Calaveras river, in San Joaquin county, is about 160 miles. Trom a width of about 7 miles opposite Red Bluff
the valley widens to about 15 miles near the Tehama line, 3 miles from the head, and then suddenly expands
westward, assuming its average width of about 40 miles or a little over. Northwest of Woodland, Yolo county,
it is narrowed, by a promontory of red foot-hill lands projecting into the plain from the Coast range, to about 33
miles, but below this rapidly widens again to its maximum width of 60 miles opposite Suisun bay. The area is
about 6,200 square miles. :

In the upper, narrow portion of the valley the streams enter at short intervals and squarely from either side,
those from the Sierra especially emerging from deep, narrow, and rugged cafions cut into the lava-bed formation,
and flowing for some miles in the belt of stony, treeless country at the foot before reaching the fertile alluvial
plain of the river. The latter is quite narrow and distinetly defined from the red and usually more or less gravelly
soil of the higher plain, which is treeless almost throughout, and is a heavy grain-growing region,

Southward, in Colusa and Butte counties, the foot-hills on either side are less abrupt, and a belt of undulating
or rolling land of varying width, with red or yellow loam soils, borders the eastern side of:-the valley, sometimes
merging gradually into the lands of the valley proper, and then again forming rather an abrupt terrace on the
edge of the alluvial trough. Usually there intervenes between the latter and the red border lands a belt of
adobe lands of varying width, which on the eastern side are mostly black (when wet), underlaid by a whitish
caleareous hard-pan at a depth varying from 1 to 4 feet. In most cases these adobe lands are very productive and
not very heavy in tillage. On the west side, in Colusa county, the adobe belt is even wider than on the east, but the
soil is mostly of a gray tint, very refractory in tillage, and largely impregnated with alkali salts ; hence the lands
chiefly cultivated are those of the river trough (a fine silt soil of great productiveness), the tracts of partially alluvial
soil deposited by the intermittent tributaries from the Coast range, and thered gravelly lands bordering the valley
at its foot. : '

The drainage in this portion of the valley is of an exceptional character. On the west side the Coast range
streams reach the great trough only in time of flood or of heavy rains, but during the greater part of the year they
lose themselves about half way. On the east side the Sacramento receives no tributaries, the Sierra drainage being
here received by Feather river, which emerges into the plain near Oroville, and thence for more than 50 miles in
a dirveet line pursues an independent course in the valley, gradually converging toward the Sacramento river, with
which it finally unites only about 18 miles from Sacramento city. The valley is thus on the east side divided
between these two rivers, which are separated by a divide that rises rather abruptly from the trough of Feather
river, then slopes off gently toward the Sacramento river, as does the plain on the east to the Feather itself from

the base of the foot-hills. o
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The cause of this deflection of Feather river from its direct course to the central trough is manifestly the
short but rugged voleanic mountain mass of the “Marysville Buttes”, which here appears in mid-valley, forming a
prominent landmark in the plain. The buttes, with their foot-hills, occupy an area of about4 by 12 miles, and the
bare, disrupted rocks and precipices of the central mass contrast oddly with the fertile plain around; the foot-hills,
however, embrace some good grazing land. Immediately at their base the soil is gravelly, but soon shades off into
heavy black adobe. On the south side this adobe tract is traversed by Butie slough, through which, in time of
flood, & part of the waters of Feather river find an early outlet into the Sacramento.

Originally the soils of the immediate valleys of the Feather and Yuba rivers did not differ greatly from those of
the Sacramento near and above Oolusa. At the present time much of the valley lands of both streams has been
overrun with the débris of the hydranlic mines, and their channels, to a great extent, meander in flood-plains formed
by alternating deposits of coarse gravel, sand, and the finer deposit now too’well and widely known under the
designation of ¢“slickens”. Mhe destruction of farming lands by this agency has already reached enormous
proportions, and the filling up of the river beds by the continned influx of the overloaded waters causes these deposits
to spread farther and farther every year, resulting in immense damage, not only from the flood itself, but also from the
repeated deposits of the sedlment which, though an oceasional dressing with it might be an improvement to the adobe
soils of the central valley, Is far from fonmng a desirable soil in itself. (¢) The evil affects, of course, not only all the
country adjacent to the Feather, Yuba, and their tributaries, but also the entire valley below the junction with the
Sacramento. Hence, with a comparatively abundant rainfall and only a limited need for irrigation, the prominent
topicin the Feather and lower Sacramento valley is the “ débris question”, the final adjustment of which between the:
conflicting interests of the farmers and those of the hydraulic miners has hardly yet approached the phase of a definite
common basis. The peaceful town of Marysville, once known as ¢ the eity of the plains ”?, now frowns upon the visitor
from behind levees of such height and massive strength that he instinetively looks for the cannon that is to defend a
beleaguered city. Yet, even as they are, these levees need the constant watchfulness of the inhabitants and an annual
heightening and strengthening against the annually increasing floods. Outside the walls, where there was once a
fertile bottom, traversed by a quick and clear stream, stretches a sandy and gravelly waste, through which the waters
of the Yuba meander in sluggish and dirty loneliness. Nothing can be more eloquent of the pressing need of a
final disposal of this evil, the magnitude of which can hardly be realized by those who have not seen with their own
eyes.

Below the Yuba again, and down to the American river, but few of the foot-hill streams reach the main
Feather river, save in flood time. Their waters are partially utilized for irrigation near the foot-hills, but, on the
whole, the grain crops for which this region is noted succeed well without its aid. An analysis of the loam soil of
the neighborhood of Wheatland, Yuba county, from the rolling upland belt, in which the valleys of the streams
are but slightly sunk, is given on page 22.

A Droad tract of alluvial land, of high productiveness but liable to overflow, lies in the fork of the Sacramento
and the American rivers; ifis largely protected by levees along the banks of the rivers,

Southward of the Amerlcan river, and across the Cosumnes and the Mokelumne to the Calaveras river,extends a
Pplain, breken only by oceasional swales of reddish soil running in from the foot-hills. This is one of the most productive
and thickly-settled portions of the entire valley, the soil being mostly a dun-colored loam, varying in its lightness,
but throughout easily tilled. Besides grain, which occupies the greatest breadth of land, vineyards and orchards
are conspicuous in its landscape, which is here and there dotted with oaks, while the horizon is bounded by
the timber belts along the water-courses. Irrigation increases as we advance southward, but is not usually
applied to the larger field cultures, althongh this might beneficially be done to the full extent of the capacity of
its streams, as it will uandoubtedly be whenever the now predominant grain production shall be superseded by a
more varied system of culture. - The direet distance from the foot-hills to the mouth of the Mokelumne is about 38
miles, and for the greater portion of this distance its valley is so depressed below the general level of the plain that,
for irrigation purposes, its waters must be tapped within the foot-hills. The distance between bluffs is from one-
half mile to one mile, and the channel is bordered by rich alluvial bottom lands lying above ordinary floods. A short
distance below Woodbridge the river enters the great tule region.

Opposite the region just considered, across the broad tule belt encompassing the junction of the two rivers,
lie the rich alluvial plains of Yolo and Solano counties, the soils of which are of pre-eminent fertility, being a
mixture of the finest natural sediments of the Sacramento river with those carried by the streams heading in the
voleanic portion of the Coast range (of which Cache and Putah creeks are the chief), experience in this respect
being confirmed by the analysis given further on (see 110 in table). The plain is scarcely broken by the slight

undulations or swales coming down from the foot- hills; but the region is thlekly settled, and is largely occupied by
orchards and vineyards.

a See analyses on page 22,
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Irrigation is not general, chiefly on account of the limited water supply, which is dependent mainly upon the
limited volume carried by Cache and Putah creeks, but partly and increasingly upon shallow wells sunk into
the water-bearing gravel which underlies the region. This fact and the great depth of soil renders grain crops
measurably independent of irrigation. '

Oache and Putah creeks, not being supplied by winter snows or forest-clad ranges, are intermittent streams,

- garrying in the winter season formidable floods, which then partly find their way across the country to the trough

of the Sacramento, while they become insignificant during the dry season, or even between the rains which drain
rapidly from the steep slopes of the Coast range.

Nearly one-half of the drainage of Cache creek is received into Clear lake, which thus to some extent serves
as a regulator of its flow. From thelake the creek passes through a cafion about 30 miles in length, receiving two
large tributaries from the north before it enters the head of Capay valley. The latter is about 18 miles long and
1 or 2 miles wide, and has a considerable area of irrigable though somewhat heavy land.

On entering upon the Sacramento plains the creek widens out into a channel from 500 to 1,000 feet in width with
low banks and decreased grade, and before reaching the town of Cacheville is confined between vertical banks
from 20 to 25 feet high and from 100 to 150 feet apart, which condition it maintains for several miles; but on
approaching the lowland of the Yolo basin the banks drop away, and the stream is free to spread out in a broad
delta, seeking the lowest part of the basin, and emptying into the Sacramento river through Cache slough.

Soils of the Sacramento valley.

The soils of the Sacramento valley are as yet but very inadequately represented by the subjoined analyses, the
material on hand being too limited to allow of selecting representative samples advisedly. Nos. 563 and 110 are
probably of wide applicability, and Nos. 517 and 561, taken together, may also probably be taken as fairly
representative of the loam of the east side of the valley. Of the true “adobe” of the valley no analyses have thus
far been made. '

No. 563. Sediment soil from near the banks of the Sacramento river, on the Rancho Chico, General Bidwell's
land, Butte county. " A gray or dun powdery loam, with but little coarse sand, very easily tilled, and the same to &
depth of several feet; is well timbered with white oak (@ lobate), ash, and sycamore, with abundance of grape-vines,
and is very produetive in cultivation. Depth taken, 12 inches.

No. 561. Dark adobe” loam soil from the Rancho Chico, about a mile ecast from the spot where No. 563 was
taken. Dark tinted and moderately heavy, so that after drying it can still be erushed between the fingers; taken to
the depth of 12 inches, becoming paler colored below that depth; originally treeless, bearing a growth of sunflowers
and alfilerilla. This soil is not as regularly or as highly productive as the river land.

No. 517. Reddish soil from near Bigg’s Station, Butte county, & clay lIoam, brownish dun in color when dry
and brownish black when wet. The dry lumps are hard to crush between the fingers, but soften guickly on
contact with water. This soil occupies a level belt, lightly timbered with oaks, to the eastward of the adobe
belt of this region. Between the two there usually intervenes a streak of whitish soil, from which there is a
gradual transition to the true adobe. Depth taken, 12 inches, !

No. 656. ¢ Slickens,” or fine mining débris deposit, from Yuba river, Yuba county, sent by the secretary of the
« q4bris committee” of the city of San TFrancisco. Light yellowish gray, partly in powder, partly in challyy lumps,
easily crushed, very light, and scarcely palpable, emitting a strong clay odor when breathed upon or when wet.

No. 1004. ¢ Slickens” sediment from Alger’s bend, TFeather river, Butte county, furnished by Mr. Julian Le
Conte, of the United States river and harbor survey. A compact, yellowish-brown lump, somewhat heavier than

~ No. 556, which can be crushed between the fingers with little difficulty to an altogether impalpable powder, and emits

a strong clay odor when breathed upon or dampened.  The deposit is stated to have besn from 6 to 8 feet in
thickness in the bed of the river, which upon drying forms wide gaping sun-cracks, allowing a man to walk between
¥he blocks on a base of sand, When deposited it must have been almost in a gelatinous condition.

No.10. Sediment soil from the farm of Mr. Daniel Flint, on the Sacramento river, a few miles below Sacramento
city, Sacramento county, deposited during high water, and said to exert a remarkable effect in increasing the
productiveness of the land, especially clay land, upon which it may be brought. It is a light, buff-colored silt,
almost impalpable when rubbed between the fingers, and without sand or gravel. Depth taken, 12 inches.

No. 110, Soil of Putah valley, near Dixon, Solano county, sent by J. M. Dudley, from the ¢ middle land” of the
plain, on the slopes of the swales, about 3 feet above the lowest land. Depth taken, 12 inches.

No. 499, Red upland loam soil from near Wheatland, Yuba county. A stiffish, glaringly orange-red loam,
forming the soil of the undulating uplands stretehing from the foot-hills several miles into the valley, and but little
above the general level of the latter; it tills easily when taken in the right moisture condition, but plows very
cloddy when either too wet or too dry. This soil is chiefly given to pasture and wheat growing, and yields from
fifteen to twenly and sometimes twenty-five bushels of fall or winter-sown grain in good years, and in poor ones
from eleven to thirteen bushels per acre, but never altogether fails. It responds very kindly to summer fallowing,
and in its natural condition has almost only herbaceous vegetation, with some scattered poison-oak bushes.
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Soils of the Sacramento valley region.

]
BUTTE COUNTY. YUBA COUNTY. | BUTTE COUNTY, SAggﬁi‘gﬁTo SOLANO COUNTY.| YURA COUNTY,
raven Brownishloam | “glickens” | - SHekens ™ | goaionteoil | Putah vall
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Feather river,
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*No. 499 is properly  foot-hills soil, lying in the edge of the plain, and is introduced hero for comparison with the valley =oils proper.

The common characteristic of all these soils is an adequate and, in some cases, a generous supply of lime,
which insures the availability of the plant-food they contain, greatly enhances their power of vesisting drought and
of forming and retaining humus, and renders them eagsily tillable, notwithstanding the large amount of clay they
contain. This feature, as will be seen hereafter, characterizes to a greater or less extent most of the soils of the
great valley from Redding to Bakersfield, and it is with constant reference to it that their agricultural qualities
must be considered.

Passing to the other primarily important ingredients of plant-food, we find that in the alluvial soils proper—
as in that from Dixon and from the Sacramento near Chico~—the amount of potagh is large, in the former case even
very large. Away from the river this ingredient diminishes in the case of the Rancho Ohico to one-half of what
it was near the river, the deficiency being partly offset by a very large supply of lime in No. 561, which manifests
itself in its dark tint. In the soil from Bigg’s Station, the tint of which indicates a partial derivation from the
red materials of the foot-hills, the potash supply is more ample. ‘

In none of these soils, however, is the supply of phosphates a large one. In that from Bigg’s Station, but-
for the presence of a liberal amount of lime, it would be accounted deficient. Whenever their production shall
have been materially diminished by exhaustive cultivation the use of phosphate fertilizers will evidently be the
first thing needful to restore productiveness.

Nos. 656 and 1004 may be considered as fairly representative of the composition of the finest material, or ¢“slickens?,
brought down from the hydraulic mines by the Feather and the Yuba rivers and deposited in their back or slack waters.
A comparison of their composition with that of the above soils shows that they do not differ very widelyin their mineral
ingredients, as might be foreseen from the community of their origin. Their potash percentage is low, yet not lower
than that of some good soils. The lime percentage, while lower than in the Sacramento alluviam, is veasonably high,
and the supply of phosphoric acid, while not large, is only a little below the average of the soils analyzed. It may be
expected, therefore, that whenever these ¢ slickens” soils shall have been subjected for an adequate length of time
to the same agencies that have been active in the natural alluvial soils they may become equally productive. As
they are, however, they lack a high essential of all agriculturally valuable soils, viz, the humus or vegetable mold,
whose physical as well as chemical action is so important to the welfare of plants that popular belief has long
ascribed to it a controlling influence on fertility ; and although we now know that hamus is but one of the many
factors that contribute to the productiveness of soils, we also know that, practically, its deficiency or its absence is an
effectnal bar to profitable culture. Under the climatic conditions of the Sacramento valley it will take many years
to remove this disability in the natural course of things, The process may be hastened by the operation of green-
manuring, provided green crops can be grown on the material ; and this will, in general, be the most important
step toward the reclamation of tracts covered by “slickens”. .

It is hardly necessary to advert to the fact that the material of the dé bris brought down from different

channels and at different times may vary indefinitely, from cobble-stones, through gravel and sand, to the finest
680 .

1




. PHYSICO-GEOGRAPHICAL AND AGRICULTURAL FEATURES. 23

matter, graphically designated as slickens”, and, according to the sources from which the latter come, the chemical
composition will also vary locally. Moreover, when a coat of moderately sandy material is deposited on adobe
land, the intermixture of the two by the plow may oftentimes result in a material improvement in consequence of’
the removal of the extreme mechanical intractableness of the clay land. In other cases a local deposit may be
exceptionally rich in some important ingredient, and may thus serve directly as a fertilizer when applied to
cultivated land. Analysis No. 10 shows a case in peint, in which a deposit on the banks of the Sacramento river is.
so rich in phosphoric acid as to be available as a fertilizer on the adjacent alluvial lands. Somse of the effects
observed may also, it is true, be due to the improvement of the mechanical condition.

Tt cannot, therefore, be surprising that the testimony as to the local effects of ¢ slickens” on land overrun by it
should vary considerably, according to the circumstances of the case. Cobble-stones and gravel will in every case
be considered an unmitigated detriment. A moderate coat of sand spread on an adobe tract may be welcomed
at first, but its repetition will naturally be objected to, and a deposit of any considerable thickness will effectually
spoil the land forever. So also a moderate coat of ¢ slickens ”? will, on the low and heavy lands on whieh it is most
widely deposited, be at first a benefit, as it will improve the tilling qualities of the land, and, finding a sufficiency of’
humus in the soil, its fineness will cause it to be promptly acted upon and utilized as a source of plant-food. But
whenever the deposit is repeated, the advantage diminishes, and finally changes to a very positive detriment so-
soon as the ¢ slickens” becomes the predominant ingredient of the cultivated soil, while a thick deposit coming at
once will, for the time being, and usually for many years to come, deprive the farmer of the profitable use of his
land, albeit it may become profitable to his children or his grandchildren. ,

Such I consider to be the impartial view of the ¢ slickens?” question, independently of the obstruction of’
channels and consequent overflows, the consideration of which lies outside of the provinee of this report.

THE SAN JOAQUIN VALLEY.

The division of the great valley traversed by the San Joaquin and its tributaries constitutes about three-fifths

of the whole, its area from the southern end to the Calaveras river, a distance of about 240 miles, being about 11,000
square miles. Its prominent topographical feature, as against the Sacramento valley, is the lake basin formed in
its southern half by alow water-divide which traverses the valley in the southern part of Fresno county, by which
the waters of King’sriver are thrown southward into Tulare lake. Northward of this divide the San Joaquin river
enters the valley, and, traversing it, turns northward on reaching the trough, receiving thereafter directly the entire
drainage of the Sierra. The valley is thus subdivided into the southern or Twlare basin and the San Joaguin busin
proper. ,
At present this cross ridge is intersected near its western end by Oole slough and other channels, through which
the surplus waters of Tulare lake or King’s river can find their way into the San Joaquin, Previoustothe formation
of this outlet the entire upper valley was evidently for scme time a shallow lake, of which Xern, Buena Vista, and
Tulare lakes, with their bordering tule swamps, are the remnants. The main tributaries of this basin, heading in
the Sierra itself, are the Kern, Kaweah, and King’s rivers, which carry running water throughout the year. Besides.
these there are numerous water-courses, of more or less intermittent eharacter, heading in the foot-hills and reaching
the main trough only in time of flood or not at all, such as Posey, White, Tule, and Deer creeks, which can therefore
be relied on for irrigation to a limited extent only. These water-courses are bordered by moist lands, which do not
require as much water as the higher plains,

The streams of the Tulare basin enter the valley from the Sierra cafions in remarkably shallow channels, but
then cut deeper ways into the plains proper, again approaching the general surface as they near the trough, which lies
about two-thirds of the way to the Coast range. The streams descending from the latter are of the most intermittent
character, the slopes of the range being steep and bare of forest; so that the land drains the more rapidly, as it
is mostly very sandy. Hence the Coast range streams mostly lose themselves before reaching the trough, and are
in any case available for irrigation only locally and to a limited extent unless stored, This characterof the Coast
range drainage is also the same northward in the San Joaquin bagin. The streams flowing from the Sierra, on the
contrary, there lie in deeply-cut channels for many miles out from the mountains, and do not approach the lavel of
the plain until shortly before reaching the trough, when they turn northward.

The Tulare basin.

The Tulare basin is terminated on the south by the amphitheater of the Tejon and Tehachapi mountaing, which
rise from the valley with rather a gentle slope of good grazing lands, but are destitute of timber, as seen from the
valley. ~Conforming in shape to that of the base of the mountains, but separated from the latter by a slightly
sloping plain from 8 to 10 miles wide, lies the V-shaped trough of lowland in which Kern and Buena Vista lakes
form sheets of water, at present rapidly decreasing, disconnected from one another by the lowering of the water-
level by evaporation. From the same cause these waters ‘are very sensibly alkaline, and, of course, increasingly
g0 as the evaporation progresses, the same characteristic being imparted to the shore-lands left by the receding
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waters. At the western end of the trough, Buena Vista slough connects (or connected) the lake of that name
with the southern end of Tulare lake. This slough at one point touches the base of a projecting spur of the
Coast range, but below or northward of that point it is bordered by a broad belt of tule lands to the head of Tulare
lake. Within the angle of the V mentioned lies what is known as Kern island, being mainly the delta of Xern
river included between its ancient and modern channels, the former of which led directly into Kern lake, while the
latber strikes Buena Vista slough.

Kern river, after leaving its precipitous cafion, flows mostly between gravelly bluffs of 100 or 200 feet high
before reaching the valley proper. At this point it has been wont to spread in divers channels, seeking an outlet into
the lakes, the distance from its present ontlet to the mouth of the cafion being about 40 miles. From about 5 miles
below the latter its bed is composed of shifting quicksands, varying in width from 150 to 800 feet. The banks are low,
sandy, and unstable, and the land slopes rapidly away from them, offering great facilities for irrigation. Hence there
is no other riverin the state from which so many canals and ditches have been made to divert the water, their excessive
multiplication giving rise to great waste of water. The higher lands bordering the eastern foot-hills, as well as the
higher parts of the plains lands farther out in the valley, have not as yet been irrigated. .

Details in regard to the alkaline character of some of these lands are given in the discussion following the
regional descriptions. As a whole, they are highly productive, and have proved especially well adapted to the
cultivation of cotton, though at present they are chiefly devoted to the culture of cereals and alfalfa.

The lands lying westward of Buena Vista slongh and Tulare lake are reported to be very sandy, and few attempts
at cultivation have as yet been made. Northward from the region irrigated from Kern river the sandy loam soils
of the plains are but little cultivated as yet, but locally the foot-hill streams are utilized, and Tule river especially
serves to irrigate a small but fertile distriet.

The Kaweah river, like the Kern, forms its delta far in advanee of it, without reaching the great drainage trough,
to which, indeed, it has not at present any definite channel, . It begins to spread immediately after leaving its rocky
cafion within the foot-hills, and loses a considerable portion of its waters in the beds of sand, gravel, and light
alluvium with which it has built up the plain for many square miles in front of its point of emergence from the
mountains. From the cafion to Tulare lake this river is 39 miles in length, falling, in that distance, from an elevation
of 520 feet to that of the lake, viz, 190 feet above tide-water. In the upper portion of its course the -grade is at
© times as much as 30 feet per mile, alternated with comparatively flat and swampy tracts, heavily overgrown with oaks
and underbrash; but near the lake the plain falls only 2 or 3 feet per mile, and, without irrigation, is dry and barren.
Down this sloping delta plain the Kaweah flood-waters find their way through eight or ten channels, whose beds
are upon deep beds of sand, and are occasionally lost altogether in some swampy tract, the waters partially
emerging below into another channel under another name. About half-way down the plain, from Cross creek on
the extreme northwest to Qutside creek on the southeast, the width of the delta is about 18 miles; but these channels
approach each other lower down and enter the lake only 10 miles apart, ‘

This, the Visalia region of Tulare county, is to a large extent heavily timbered with white oak (Q. lobata), and
is the one wooded district of the San Joaquin valley ; for elsewhere a few oaks, scattered widely apart, are all that
iy usually seen, and these are away from the main channels of the streams. The soils of the region vary
considerably, from that of the sandy plains to a rich alluvial deposit, most of which contains some alkali, especially
near the streams, but not nsually enough to interfere with successful cultivation. From the numerous creeks
irrigating ditches traverse the delta plain in every direction, leaving but little water unused, save in times of flood.

A belt of very strongly alkaline land about 2 miles wide borders the Visalia district on the west and northwest,
but the impregnation becones less as King’s river is approached.

King’s river, both from its location with reference to the adjoining country and from the volume and purity of its
water, is one of the most important irrigation rivers of the state. Where it leaves the foot-hills all the water flows
in & single channel, but in its passage through the adjacent “Centerville bottoms? its waters divide into several
channels for a distance of 14 miles, and then again unite and remain confined to a single deep and tortuous channel
the bed of which is from 20 to 65 feet below the surface of the adjacent plains. Practically, this portion of the river
has no valley or bottom lands, the high bluffs encroaching generally upon the margin of the river. Here and there
the bluffs recede, and the river is fringed with a narrow belt of alluvial land, covered with a scanty growth of oaks
aud vines. This condition is maintained to the head of Cole slough, where its waters are again divided, the greater
part passing northward through the slough, and the rest along the old river channels, spreading into a delta-like
swamp between Tulare lake and the San Joaquin river. King’s river has not a single perennial tributary from the
foot-hills to Tulare lake, a distance of about 62 wiiles.

South of King’s river, and included between it and the tule lands bordering Tulare lake, lies the Mussel Slough
country, so noted for its fertility, and which is irrigated by many ditches from the river, aggregating about 120
miles in 1880, The soil of the Mussel Slough country is mainly a light alluvial loam of great depth, evidently quite
distinct from the soils of the higher plains. North,of King’s river its waters, taken from mear its point of exit
from the mountains, pass throngh numerous ditches (aggregating about 120 miles) to the plains of Fresno, lying
considerably higher than the Mussel Slough country and possessing a very different soil—largely a whitish and

very caleareous silt, quite unlike the plains soil of Tulare and Kern, but also yielding abundant returns when
682 ' :




PHYSICO-GEOGRAPHICAL AND AGRICULTURAL FEATURES. 25

irrigated. The Fresno plains are gently rolling, almost exempt from alkali, and in spring present the appearance
of a carpet of flowers. Near the foot-hills the red-clay soil of the latter has been mingled by the streams with the
gand of the plains, making what is there called “red adobe”. None of these streams cross the railroad, the plains
to the westward being without any permanent chanpels and falling off gently into the long belt of “tules” that
stretches between Tulare lake and the turn of the San Joaquin river.

The San Joagquin basin.

The San Joaquin river, on emerging from its cafion in the foot-hills, continues into. the valley in a channel
much depressed below the surface of the plains, and hence is, of all the rivers of the valley, the most difficult to
draw upon for irrigation. For from 16 to 18 miles below the mouth of the cafion its water surface lies from 75 to 200
feet below the rolling plains, which frequently fall off to it in perpendicular bluffs. Hence, although the land to the
southward is fertile and irrigates well, but little has been done in that direction. North of the river the foot-hills
extend far down into the valley, and have a hard-pan subsoil, which sometimes lies almost bare and would notirrigate

~ well. About midway to the trough, however, the soils are lighter and better snited to farming, and the river is
‘more easily approached from either side, the plains being only 35 or 50 feet above the bed. To the southward the

soils are mostly deep and rather sandy; but northward they are heavier, and their irrigation (water taken from
the Chowechilla canal) requires great skill to prevent injury from excessive flooding, and are largely underlaid by
a sandy and wholly impervious hard-pan. On the west side of the river the lands irrigated by the San Joaquih
and King’s River canal are very variable. For 85 miles from the great bend the land below it is for several miles
a llack, alkaline adobe, underlaid by a not wholly impervious, marly hard-pan, difficnlt to irrigate and till; but
between Firebaugh’s and Hill’s ferries there are along the river large areas of sandy alluvial loam, readily irrigated
and quite productive.

The Fresno river, or rather creek, about 12 miles north of the San Joaquin, is an intermittent stream, and about
half-way to the trough is bordered by rough and rolling lands with an inferior soil. DBelow it passes through level
land with a rich, sandy loam soil, and supplies a canal on the south side.

The Chowchilla, Mariposa, and Bear creeks, entering the plain from the foot-hills between the Fresno and Merced
rivers, are intermittent streams, and flood the plain after heavy storms through numerous small channels, from which
some of the water finds its way into the trough, while most of it is absorbed in the pervious soils of the region
bordering the latter. Around and south of Merced city, between Deadman’s and Bear creeks, there is a
considerable body of black adobe lands, of which & narrow strip about 2 miles wide continues northwestward
through Stanislaus county into San Joaquin, where this kind of soil is more characteristically developed.

Northward of Merced city a wide tract of ¢ hog-wallows ” comes in from the foot-hills, and is an excellent wheat
soil in its level portions; but midway to the Merced river this tract rises into a foot-hills ridge, with a gravelly clay
soil, that extends far out into the valley, and is of inferior quality. Toward the Merced river the soil again becomes
lighter and productive, and is irrigated by a canal from the river.

The Merced river heads among the highest ranges of the Sierra, and, after traversing the Yosemite valley,
passes to the edge of the plain through a deep, rocky caiion with a water-fall at its outlet. Thence its valley
runs to the trough in nearly a straight line southwestward for 36 miles, but within it the river winds on a very
tortuous course between abrupt bluffs as much as 3 miles apart and from 40 to 80 feet in height 8 miles below the
falls, and thence narrows down within the next 8 miles to about 1 mile from bluft to bluff. These bluffs become still
more contracted and less sharply defined as they approach the level of the plains on nearing the trough of the San
Joaquin.

The wide lozenge-shaped bottom, terminating 16 miles below the cafion, is an important agricultural region, and
is of especial interest in having been the sole locality of cotton-planting in the state for a number of years. The soil
is a dark, sandy loam of great productiveness when supplied with moisture. At times of flood the water spreads
from the main channels over the valley, frequently shifting its course permanently, cutting away large soil arcas
and covering them with coarse gravel The soil is almost everywhere underlaid by such gravel at varying depths,
sometimes coming close to the surface. Some levees have been constructed to prevent overflow and shifting, and
it thus becomes necessary to irrigate the lands so protected. All the cotton grown here has, therefore, had the aid
of irrigation. -

The country between the Merced and the Tuolymne rivers is quite rolling near the foot-bills, the soil being
generally sandy, resembling somewhat that of the Tulare plains, but on the whole less productive ; on the other
hand, the rainfall being greater, much grain is grown here without irrigation.

The Tuolumne river comes from the mountains through a most forbidding cafion, below which it is closely
flanked by foot-hills, merging into rolling lands, and then into a plain lying from 50 to 80 feet above its water surface
for 20 miles below the cafion. Thence the plain falls off toward the trough of the valley, so that the banks are only
from 15 to 25 feet in height. Tor 30 out of the 42 miles of the river’s course it is bordered by plains sufficiently even
in surface to admit of irrigation on the large scale to advantage, having soils particularly adapted to its practice;
and since in its habitual water volume the Tuolumne stands first among the rivers of the San Joaquin valley, its
importance as a source of irrigation is very great, although thus far it has been but little utilized, the reason being

that its bottom lands are very limited, and costly works are required to bring the water upon the high plains.
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Between the Tuolumne and the Stanislaus the soil gradually changes from its very sandy character near the:
former river to a dark and more substantial loam of high productiveness.

On leaving the foot-hills, the Stanislaus river lies in a deep and generally narrow trough from 100 to 150 feet
below the plains, its bottom being very narrow, rarely exceeding a few hundred yards, but having an excellent soil.
In its lower course its slope is much less than that of the adjacent plains, so that within 10 miles of its mouth it lies
but 40 or 50 feet below the plains level. Its immediate channel here is so narrow as to be altogether inadequate to
carry the flood discharge, and hence the bottom is periodically overflowed. The soil of the plains adjacent to the
Stanislaus is excellently adapted to irrigation, but the great depth of the river channel below the surface renders
it necessary to locate the heads of irrigating ditches some distance up the cafion, and this is a costly undertaking,
Hence irrigation is practiced on but a limited scale thus far; but in the deep, light loams a large amount of grain
is grown without irrigation, and with comparatively few failures. ‘ \

North of the Stanislaus to French Oamp slough the land continues sandy, and is largely unproductive without
irrigation. North of the slough, to and beyond the Calaveras river, lies the region of black adobe lands that
congstitute one of the most productive and densely-settled portions of the valley, Its surface is gently undulating,
and is sparsely dotted with oaks. On the border of the tules, as well as at some other points, there are more or less
interrupted belts of alkali land, mostly with a ¢ hog-wallow ” surface. The soil does not appear to differ materially
from that of the adjacent lands, and Dby proper treatment it can doubtless be brought under profitable
cultivation. («) ) :

The Calaveras river does not head high enough in the mountains to be perennial in its flow, the direct distance
being about 25 miles from its point of emergence from the foot-hills to its Junction with the San Joagquin river.
At Bellota the stream forks, one channel, Mormon slough, passing westward through Stockton, the other, diverging
to the northward, entering the San Joaquin about 5 miles northwest of Stockton.

Mormon slough is now the principal ehannel, and carries water when the northern branch is dry. In extreme
floods both these channels are incapable of carrying the volume of water, and at such times the plaing are extensively
overflowed from the numerous side streams that put out from the main channels at weak points in their banks,

Before reaching the valley the water of the Calaveras is repeatedly used for mining purposes, and is always
highly charged with fine sand and sediment ; hence it is considered especially valuable when used in the irrigation
of the heavier soils, the sandy sediment rendering the adobe more mellow and tractable.

Soils of the San Joaquin Valley.

As stated, the soils of the southern part of the great valley, even to the alluvial ones, are predominantly sandy,
except in the main trough of the San Joaquin river; the sand being in most cases coarse. Exceptional in these
respects are the fine silt soils of Tresno and the black adobe of southeastern Merced.

In the descriptions and tables given below the soils are segregated into upland or plains and lowland soils
for convenience of consideration, but it must be admitted that the distinetion is, of necessity, often somewhat
arbitrary. Again, the two first mentioned (adobe soil and subsoil from Stockton) are much more closely related
to the soils of Sacramento valley than to those of the San J oaquin, the characteristic sandy soils beginning some
miles to the southward of the city of Stockton. True black adobe is, nevertheless, found again near and eastward
of Merced city. v

A —Allwwial or lowland soils.

No. 6. Black adobe soil from S. 45, Weber grant, near Stockton, now the property of D. A. Learned, of San Joaquin
county. This soil is dark-colored, very adhesive when wet, but in drying it cracks open at times to the depth of
several feet. The sample was taken to the depth of 12 inches, the soil remaining the same, Its thickness varies from
6 inches to 4 feet, the latter coming nearest its average depth. The main body of this land lies between French
Camp slough on the south and the Calaveras river on the north, extending 2 miles beyond the latter; westward
it reaches to the alkali lands bordering the tules, while its eastward limit is not well defined, but lies at least 10
miles to the eastward of Stockton. The wheat product; of this soil, when fresh, averages between 15 and 20 bushels
per acre for five to eight years, and then decreases, but can be brought up by summer fallow and good cultivation.

No. 7. Hard-pan subsoil of No. 6, found underlying the black adobe in the lower ground at varying depths and
of varying thickness, from 6 inches to several feet. This is a yellowish or whitish-gray, moderately coherent mass,
more or less porous, which effervesces with acids, leaving a loose mass of sand and silt.

No. 195, Valley soil from a valley 2 miles south of the Merced river, Merced county, on the Hopeton and Merced
road, through which the Farmers’ ditch passes, This soil is a blackish-brown loam, easily tilled, and fairly
representative of the soils of the smaller valleys of this as well as of the Dry Creek region.

No. 198. Bottom soil of Merced viver from J. A. Grade’s cotton blantation, near Hopeton, Merced county; a
darlk-colored, light loam soil, varying in depth from 18 inches to 5 feet, according to location, usually underlaid by
gravel, which undulates more or less in subterranean ridges. - Its chief natural growth is the California sunflower,
which grows very lnxuriantly, with some oaks and cottonwood on the lower gronnd. The bottom here is about 4 miles

684 a See article on alkali soils on Page 63 for some details regarding this region and the general subject.
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wide from bluff to bluff, and is traversed by numerous sloughs, as well as by gravel ridges. This soilin good seasons
has made over 1,200 pounds of seed-cotton per acre, and a large body of it constitutes the Strong, Grade, and
Buckley ranches, where cotton has been successfully grown for many years.

No. 570. % Brown adobe” soil from the lower land in the Eisen vineyard, near Fresno, Fresno county, taken to
the depth of 12 inches; roddish brown, only moderately heavy, with much coarse sand intermixed, and easily tilled,
except when very wet. This soil may be considered representative of the more substantial soils formed by the
foot-hill creeks between King’s and San Joaquin rivers in the shallow valleys, separated by divides of ¢ sand-hill”
ridges with very sandy soils.

No. T0L. “Dry bog? soil from a valley on Sisson, Wallace & Co.s land, 6 miles northeast from Visalia, Tulare
county, in the “hog-wallow? hills; a black, heavy soil, ocourring in the smaller valleys among the “hog-wallow ”
land. This soilis chiefly covered with long grass during the growing season, and, like the ¢ adobe?” elsewhere, is often
deeply fissured during the dry season. It has usually at a depth varying from 6 to 18 inches a subsoil of heavy
gray clay, with spots and concretions of bog ore, or “black gravel”; hence it is commonly ill-drained and needs
.drainage first of all. But little of it is cultivated. The analysis was made to determine its value for permanent
.culture when reclaimed. :

No. 585, ¢ Wire-grass soil” from wooded flats 2 miles west of Visalia, Tulare county. -The soil is & gray or
blackish, moderately heavy loam, characterized by a growth of wire-grass (Scirpus) and more or less of alkali grass
(Brizopyrum), with alfilerilla. Tt is well timbered with oak. In low places occasionally a little alkali is visible on
the surface, but there is not enough of it in the land to prevent the growing of cereals or other crops, and it is highly
productive. '

No. 579. Alluvial loam soil from near Grangeville, in the Mussel Slongh country, Tulare county, and fairly
representative of the best class of soils, yielding 46 bushels of wheat per acre. The soil is quite light and easily
tilled, with no change of color for from 18 to 24 inches. Sample taken to the depth of 12 inches.

No. 77. % Dry bog” soil from the banks of Tulare lake, near its southeast corner, from overflowed ldnd
reclaimed by 1. R. Thomason. This tract is inclosed by a levee, and lies below the high-water mark of the lake.
Eighteen months previous it was all under water, Dut at the time of taking the sample the water was half a mile from
‘the levee. The first vegetation that started after it was laid dry was ¢ wild parsley?”, followed later by wire-grass,
.salt-grass, and tule. The surface at the present time shows no salt, and but little indication of alkali. Grain,
however, “burns up” when hot weather comes, even though the ground be moist. Garden vegetables look well
antil blooming time and then die. When sampling the soil at the time stated it was found to be baked guite hard
for the first 6 inches; but from that line down to 20 inches, to which depth it was taken, it was “hoggy and soft”.
‘The soil as received is a somewhat bluish-gray clayey sediment, containing a good deal of small gravel and shells
intermixed. Its reaction is alkaline, though not sharply so.

B.—Upland or bench soils.

No. 193. Loam soil from the “hog-wallow” tract 5 miles north of Merced city, Merced county, near Huffman’s
~wheat tarm; a reddish or brownish loam, rather close and coherent when dry. Sample taken to the depth of 12
inches. The subsoil is nearly of the same character for 3 feet. The surface of this land lies in gentle swells, on which
are the characteristic “hog-wallow” hillocks, not very deeply impressed, and therefore not interfering materially
with plowing even in fresh land, and almost disappearing after a few years’ tillage. The wheat produet is from 25
0 30 bushels per acre in fair years on fresh land.

No. 704. Fresno plains soil from Mr. White’s place, Oentral colony, about 2 miles south of I'resno city, Fresno
wwounty; a grayish-white, somewhat ashy goil, changing little to the depth of 2 feet or more, then gradnally
becoming more sandy, sometimes underlaid at a depth of from 1% to 3 feet by a sheet of calcareous hard-pan, from 8
o 18 inches in thickness, which seems to be merely the subsoil cemented by lime. In planting trees it is sometimes
necessary to break through' this hard-pan in order to enable the roots to reach moisture. This soil is said fo be
fairly representative of the country lying to the southward and westward toward King’s river and the San Joaquin.
o the east and north it passes into the reddish and “‘sand-hill” soils formed by the streams coming from the
foot-hills. (See soil No. 570, from the Bisen vineyard.)

No. 586. Tulare plains soil, taken midway between Outside creek and the Sierra foot-hills east of Visalia,
‘Tulare county. Depth taken, 12 inches, with apparently little change for several feet. The tract is guite level,
.and is treeless. This land does well when irrigated, but has thus far been taken into cultivation legs freely than
the lands lying nearer the creeks. It is said to be a fair sample of the “plains” proper of this part of the San
Joaquin valley, and is of a dun color, quite light and sandy, and not altogether promising in appearance, but bearing
:a luxuriant growth of wild flowers, which testifies to its productive capacity.

No. 573. Tulare plains soil from near the crossing of Cross creek, on the Visalia and Hanford road, Tulare
county, taken to 12 inches depth. This soil resembles the preceding, but is of a more grayish tint when dry and
darker colored when wet, as a result of its proximity to the creek, which, however, rarely carries water, so that the
.s0il can hardly be accounted an alluvial one. There are decided indications of alkali in the lower portions, and this
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is more clearly perceptible where the soil has been cultivated with irrigation, as is the case within a mile or two
farther to the west. The country is altogether treeless, but in spring-time bears a luxuriant growth of bright

flowers.

No. 700. Salt-grass soil, forming a belt on the western edge of the plains east of Buena Vista slough, Kern
county; a yellowish gray, fine sandy soil, nearly the same in character to a depth of several feet. Sample taken

to 12 inches. Much salt-grass, and but little herbaceous vegetation beside. ‘When irrigated, this soil produces as

much as 40 bushels of corn to the acre. It has been but little cultivated thus far, being chiefly pastured.

Allwvial or lowland soils of the San Joaquin region.
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A glance over the preceding tables of soils of the San Joaquin valley shows at once that, like those of the
Sacramento division, they nearly all agree in having a large percentage of lime; inonly one case aslittle as halfof
one per cent., in mogt cases over and ranging as high as 3 per cent. *

All these soils, except the Stockton adobe, are of a rather sandy or light character, which places them the more
distinetly in the class of calcareous soils, and this accounts for the extraordinary thriftiness, when placed under
irrigation, of even such as do not show high percentages of phosphates and potash. Thus, in No. 193 (Merced hog-
wallow soil) the potash pereentage is quite low for California, while that of phosphorie acid is exceedingly low; yet
these soils have yielded from 16 to 25 bushels of wheat per acre forseveral years consecutively. They will doubtless,
bowever, soon require the use of bone-meal for the maintenance of production. The same deficiency of phosphoric
acid occurs in the bottom soil No. 195, also from northern Merced. Almostthroughout, the percentage of phosphorie
acid in the soils of the San Joaquin valley is only moderately high, many falling below one-tenth of one per cent.
and only two rising above two-tenths. These latter are Nos. 585 and 77, both alkaline soils, in which probably
the soluble phosphates have accumulated near the surface (from which the sample was taken), doubtless, in part
at least, at the expense of the surrounding uplands. It follows, that while in the lowlands that are more or less
impregnated with allkali both potash and phosphates are comparatively abundant and will not require replacement
for a long time to come, in the uplands the phosphates will be the first to become exhausted, when bone-meal and
superphosphates will come into heavy demand. On the other hand, the use of lime as a fertilizer will scarcely ever
be called for in the San Joaquin valley, and potash manures will not be needed for a long time to come, even in
the uplaneds, and never in the lowlands. -

Tt is important to note this corroboration of the opinion expressed in a previous report () asto the superior value
of the ““alkali soils ¥ when once properly reclaimed and cultivated with a view to the repression of the *rise of the
alkali” to the surface; for we find that, with the worthless or injurious excess of salts, there is almost always
associated a large supply of soluble or at least available plant-food, which will render these soils remarkably durable
and thrifty. .

Tor the discussion of the measures and precautions needed for the reclamation of alkali soils the reader is
referred te pages 63 to 73. .

There is another point shown in these analyses worthy of note. The traveler on the San Joaquin plains will,
during the dry season, imagine that the gray dusty soil of the plains is destitute, of or at best very poor in, humus
or vegetable mold. The figures given in the table show that this is far from being the case, for even the white soil
of the Fresno plains shows six-tenths of 1 per cent. of humus, and that of the sandy Tulare plains 1 per cent. and
over. Itis here again the lime, so abundant in these soils, that helps to retain the humus, despite the prolonged
action of the hot summer’s sun. Of the soils examined, two only are really deficient in humus, viz, No. 193, the
Merced hog-wallow, and No. 700, the salt-grass soil of Kern. In the case of the latter the alkali present dissolves
the humus and allows it to be washed away into the sandy subsoil below, and this happens more or less in all alkali
soils containing much carbonate of soda. It is therefore doubly important that this ingredient should be gotten rid
of by the use of gypsum when such soils are put under cultivation, especially with irrigation. ‘

In the case of the Merced hog-wallow soil, the poverty in humus is obviously attributable to its ¢ hard-pan”
nature, through which, in its natural condition, the mold remains on the surface, and is “ burnt out” by the sun
during the dry season. The thriftiness of such soils would doubtless be very much increased by plowing under
some green crops.

As to retentiveness of moisture, there are but two soils in the list that fall below the limit nsually deemed
desirable. One of these is the white plains soil south of Fresno (No. 704), and the other is the salt-grass soil
(No. 700) from Kern. The latter is notably deficient both in humus and clay, and what moisture it does retain is
probably partly due to the alkali present. In the Fresno soil, considering the amount of alumina shown in the
analysis and the humus present, the moisture absorption is unexpectedly low and in urgent need of being raised by
means of green-manuring. It will also be especially advisable that, wherever the crust of hard-pan underlies the
soil at a depth of less than three feet, that impervious layer should be broken up or through, in order to enable
~ the roots to seek for moisture at the depths allowed them by this very easily penetrable and deep soil.

This great depth of soil, which is observable more or less over the whole of the San Joaquin valley, is of the
ntmost importance with respect to the permanence of productiveness ; for the soils being mostly very pervious and
loose, and the water-table, even where irrigation is practiced, guite low, the plant is enabled to draw for its food
upon a much greater mass of soil than would be the case where the latter is heavier and perhaps richer in plant-
food but less easily penetrated by the roots than are sandy soils. In the case of the San Joaquin soils, moreover,
examination shows that much of the sand is not quartz, but pulverized rock still in process of decomposition and
soil formation. .

Soil No. 77, from the land Jeft by the recession of Tulare lake, presents a peculiar phase of the ¢ allkali soil” question,
which is discussed more in detail on page 69. The results of the mechanical analysis, given on page 83, show this soil
to be within the limit of moderately clayey ones, and, considering the large amount of lime present and the uniform

a Report of the California College of Agriculture, 1879, page 35. o
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distribution of sediments, it ought to till well. The chemical analysis, so far as the chief ingredients of mineral
plant-food are concerned, shows the general composition of the soil to be excellent. The amounts of potash and
phosphoric acid are equal to those of the most productive soils of the Yazoo bottom, and the large percentage of
lime should insure thriftiness. But it is evident, from its alkaline reaction and the large percentage of soda shown
1in the analysis, that it contains enough of true ¢ alkali” to interfere seriously with tillage as well as with the welfare
-of vegetation. At the same time the solution formed by hydrochloric acid showed the want of aeration in giving an
indication of iron protoxide. - These inferences are corroborated by the observations made by the owner of the tract,
‘that wheat made some fine ears on the upper part of the levee, where, of course, the rain had washed out some of
the alkali, and where also the air had free access. It was therefore recommended that the land be given a full
«dressing of plaster to neutralize the carbonate of soda, and that it be well and deeply fallowed ; but a subsequent
investigation having shown that the water of Tulare lake is not available for irrigation on account of an excessive
percentage of alkali of similar character, the reclamation project was for the time abandoned. Considering the
great native fertility of this soil, the reclamation of the wide belt of similar land that surrounds the lake and is
«constantly widening by its recession would be a matter of great importance to the state, and is well worthy of
further experiment. Success is, of conrse, dependent on the command of an adequate supply of irrigation water, but
whether from King’s river or from artesian wells is a question for future determination. Taking all the evidence of
possible productiveness in this portion of the great valley, the importance of utilizing fully and economically the
water resources of the adjacent mountains cannot easily be overestimated.

TULE LANDS.

This is the name applied in California to all lands, whether littoral or inland, bearing as an important ingredient
«of its vegetation the tule or rush, which, of course, varies in kind according to location near to or remote from
saline tide-water. In the coast marshes the tule is prevalently the rush, properly so called (Seirpus lacustris), while
the tule of the fresh-water marshes in the npper portion of the delta of the Sacramento and the San Joaquin, as
‘well as ip the upper portions of the courses of these rivers, consists largely of other species, notably the cat-tail
rush (Typha). All these lands are, of course, subject to overflow, and need protection by levees.

The surface of the marsh lands Is covered with a matted mass of roots from one foot to several feet in depth,
in all stages of decay, the lower portion being in a peaty condition, and sometimes available for the manufacture of
peat. Occasionally this mass is afloat, so as to rise and fall more or less with the water; in most cases, however, a
solid sediment soil of high productiveness underlies the roots at a moderate depth.,

The prevalently bold and rocky coast of California presents but few and small marsh areas outside of the great
valley and bay regions. On San Francisco and San Pablo bays the tule lands do not differ materially from the
salt and brackish marshes elsewhere, and their reclamation is effected by similar methods. Passing Carquines
straits, however, we come upon a wide expanse of marsh, in which the water is fresh, or only slightly brackish in -
the lower portion, These tule lands constitute here the delta of the two great rivers of the valley, whose numerouns
.sloughs and creeks form an intricate network of meandering channels, through which only a practiced native can
find his way to a definite point. They form a large body to the northward of Suisun bay, and then, after narrowing
for 10 miles to a width of 3 or 4 miles, they expand to a broad belt, which covers the western part of San J oaquin and
Sacramento counties, and thence continues northward along the Sacramento river far into Colusa county. To the
:Southward they form only narrow and interrupted belts along the San Joaquin river until we reach the basin of the
upper valley, where long belts of tule lands, 5 or 6 miles in width, extend northwestward and southeastward from
Tulare lake, and also form a broad rim around that lake itself.

The tule lands of the Sacramento valley differ in several important points from those of the Tulare basin and of the
San Joaquin valley generally. The latter are mostly strongly tainted with alkali, and on that account are somewhat
«difficult of reclamation, although of high fertility when reclaimed. The more abundant rainfalls and drainage of
ithe Sacramento valley practically obviate this difficulty in the case of the northern tules, the sole question being
that of drainage and the exclusion of overflows.

The soil of the Sacramento valley tules, when reclaimed, is mostly of the character of adobe, mingled more or less
‘with the fine river sediment, resembling so closely the soils of the adobe belts, now largely above overflow, as to
‘create the presumption that the latter indicate the areas over which tule swamps extended in ancient times. At
high stages of water in winter and spring the tule areas are, as a rule, submerged to varying depths, the exception
being the singular ¢ floatland”, of which tracts sometimes several acres in extent rise and fall with the water
oceasionally as much as 3 and even 4 feet, serving at times as a place of refuge for cattle. In such spots the
matted mass of tule roots and decayed stems is found to be from 8 to 12 feet in thickness, with no solid bottom,
but simply water immediately beneath. They are chiefly found in the lower portion of the San J oaquin delta.

Where the round rush or tule (Seirpus lacustris) chiefly prevails solid ground is commonly found immediately
beneath the mass of tule roots at a depth varying from 18 to 24 inches, and sometimes even more. In the dry
climate of the region these roots decay very slowly, hence, where of great thickness, they are frequently set on fire

during the dry season; tlieir ash serves to still further enrich the underlying soil while at the same time
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rendering it accessible to the plow. It has been, and is even now, a not uncommon practice to sow the grain into
this ash the first season and then have it trodden in and the ground compacted by sheep,and in favorable seasons

-erops of wheat thus grown have reached the enormous yield of 80 bushels per acre.

Such results could not fail to excite great interest in the reclamation of the tule lands, and much capital has
been invested in leveeing and draining large tracts, especially in San Joaquin and Sacramento counties, Since the
natural moisture of these lands venders irrigation unnecessary, grain crops,on them are assuved, provided the
overflow be excluded, and are generally best in seasons when, from want of moisture, erops fail in the unirrigated
uplands. Much difficulty is sometimes experienced in levee building from the lack of material of sufficient weight
to resist the buoyant pressure of the water, which will not only filter through the tule sods when used for the
purpose, but has occasionally floated the levee bodily down stream.

So far as not reclaimed for cultivation the tule lands serve during the dry season as an eligible pasture
ground for cattle, and more or less at all times, but especially during winter, as a resort for innumerable water-fowl
(notably geese and ducks), which often commit severe depredations upon the adjacent grain-fields.

Among the more important portions of the northern tules that have been successfully reclaimed is a number of
“islands ” lying between the San Joaquin and the Sacramento, viz, Union, Roberts, Staten, Boulder, Rough and
Ready, Sherman, Brannan, and- Andrus. On these nearly every product adapted to the climate is successfully
cultivated ; and, contrary to expectation, hunfhn health on reclaimed tules is on the average better than on the
adjacent bottom lands. Atsome points, notably on Suisun bay, there appears to be “no bottom ” beneath the sod,
and the road-bed of a branch of the Central Pacific railroad crossing this marsh has again a.n/d again disappeawed
under the surface over night or behind a passing train, and thousands of car-loads of gravel and rock bave sunk
out of sight withont apparently definitively filling the “ bottomless pit?.

The tule lands of the upper San Joagquin valley have not as yet been reclaimed to any great extent, partly, as
before stated, on account of their alkaline character. The soils mostly contain a large amount of coarse sand,
which, however, does not prevent their having the character and name of adobe. Much of the land now heing laid
bare by the recession of Tulare lake is of exuberantnative fertility, as is shown by the analysis given on page 28 (see
No. 77), but can be made practically productive only by the neutralization and partial removal of the alkall. Small
tracts 8o reclaimed have fully justified in their produnction the presumption created by the analysis. The natural
pasture, however, can be, and is, freely utilized, it being noted that hogs especially fatten quickly upon a diet of
suceculent tule roots. The following description is from Mr. Sherman Day, formerly of Bacon island:

Float-land sod.—This reaches to an unknown depth, perhaps from 7 to 10 foet, but at 10 feot the hard bottom is not reached, only
glum and water, Probably hard sandy bottom would be reached at from 24 to 28 feet from the surface. In dry seasons the scepage water
reaches to within 24 feetiof the surface, but in rainy seasons it stands within from 1 to 6 inches of the surfice.

~The sod of the heavy round bulrush land is characterized by the large woody or eorky roots diffused through the mass of smaller fibrons
roots of the grasses. Besides the large tule roots, there are somatimes the still larger roots of the pond lily. Below them is the mass of
soil and fibrouns roots, interspersed with a few ot the corky roots. The seepage water is usnally about 3 feet below the surface when the
levees are in proper condition. The depth of the soil is not known. Iurrows are run in this 4 or 5 inches deep, and when the furrow sods
have dried for six or eight weels they are set on fire and burned down very evenly to the depth of the furrow and a trifle below, according
to the absence of moisture. This kills the hezwy tule roots and checks the growth of grass. The seed is then drilled in under the ashes
after they have become wet by the rain, or it is trodden in by bands of sheep. The ashes leach about enough the first year to correct
any acidity of the peaty sod, but their principal function the first year seems to be as a mulch to shade the soil during the early growth
of the plant, If the seed is not pushed down so that its fivst roots take hold of the biack soil, the blackbirds pull up the plumule from the
loose ashes, The crops thus sown under the ashes are nsually very abundant, having scarcely any competition from weeds. Sometimes
a volunteer ¢rop is gathered the seeond year, but, as a general rule, these erops carry too many weeds to do well on the tule lands.
The ashes are usnally plowed under the second year.

The coarse bulrnsh and underlying sods make but little progress toward decomposition by mere exposure to the atmosphere; the
float-lands decompose more readily. : ®

THE FOOT-HILLS OF THE SIERRA AND NORTHERN COAST RANGE.

The western slope of the Sierra Nevada motntains embraces a belt of country falling in elevation from 4,000
feet at thé foot of the mountains westward to less than 500 feet at the border of the great valley of Sacramento and
San Joaqnin, and varying in width from 50 to 70 miles on the north and center, but becoming very narrow on the
south. The higher portion of this belt, immediately along the foot of the mountaing, and from 4,000 down to 2,000 feet
altitude, possesses many of the characteristics of the Sierra range in its high, mountainous, zmd extrcmelsr broken
surface, and is therefore described as a subdivision of that mountain reglon. ‘The remainder of this beit, or that
having an elevation of about 2,000 feet down to that of the great valley, is distinet in its topography, elunate,
and agricultural features, and is that to which the designation of Sierre jfoot-hills has been given.

This belt, with the same characteristics, continues around the head of the Sacramento valley, in Tehama county,
forming there a region of Coast range foot-hills, which, from similarity of soil, may be considered as continuing in «
narrow belt sonthward into western Yolo county. '

These foot-hills of the two ranges of mountains are estimated to cover an area of about 11,700 square miles.
The Sierra belt has a width varying from 80 to 40 miles from Shasta southward to Mariposa county, and thence is

very narrow, usually about & miles, widening in Kern, and terminating, with the Sierra, against the Coast range near
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Tejon pass. The following counties and parts of counties are included in the belt of Sierra foot-hills: The middle
and southern parts of Shasta, most of Tehama, eastern parts of Butte and of Yuba, the western parts of Sierra,
Nevada, Placer, Bl Dorado, Amador, Calaveras, Tuolumne, and Mariposa, small strips along the eastern edge of
Sacramento, San Joaquin, and Stanislaus, and a narrow belt southward from Mariposa through Fresno, Tulare, and
Kern. ;

The foot-hills of the Coast range occupy a broad region in the western part of Shasta and Tehama counties
varying in width from 10 to 40 miles; but in the western part of Colusa county it suddenly contracts, and southward
to Cache creek, in Yolo county, its width varies from 6 to 10 miles, and often less, while still southward o the bay
the hills oceur as outliers to the Coast range.

While more or less adapted to all the products grown in the valley, the foot-hills are now noted as a fruit.’
growing region, and probably will be still more noted in the future, includin g, especially in its northern part, the
very successful culture of the vine.

THE FOOT-HILLS OF THE SIERRA.

t

A line marking the separation between the foot-hills and the great valley would pass from the Sacramento
river, north of Red Bluff, in Tehama county, southeastward to the f&lowing principal points: 3 miles east of Chicot
and a short distance west of Oroville, Butte county; 10 miles east of Marysville to Rocklin, Placer county, and
Folsom, Sacramento county, and thence southeastward, nearly following the county-lines, via Knight’s ferry and
Merced Falls, to Fresno county. , ' .

This region is watered by many streams, that cross it from east to west in their course from the mountains to the
great valley, joined by many small tributaries from the region itself. Cutting their way, as they do, inh narrow cafions
or valleys between the hills, they have, as a rule, but little bottom land, and even then, because of their liability
to floods during the rainy season, these lands are often not atailable for farming purposes. These streams have
been more fully described on pages 19 to 21. ' ‘

The foot-hills of the Sierras are properly divided into three separate and distinct regions, differing in their
topographical and lithological as well as in their agricultural features. These are a barren leva-Ded region on the
north, a granitio region adjoining this and also on the extreme south of the foot-hills, and a central or auriferous
region, the real foot-hills of the eastern side of the state. These subdivisions are best deseribed separately.

THE AURIFEROUS BELT, OR FOOT-HILLS PROPER.—The foot-hill region of the Sierra is known as the gold belt
of the state, for here most of the mining operations have been carried on and the greater part of the metal has been
obtained that hasjgiven to the state its prominence in this regard,

The gold-bearing rocks comprise a belt of from 10 to 25 miles in width yreaching from Butte county southeastward

into Mariposa, and embracing metamorphic slates and sandstones. North of the belt these rocks are covered by
lava beds and other voleanic material,

In the extreme southern portion of the gold region, beyond Mariposa county, the slates almost cease to form a continuous belt, and
they nre more and more encroached on by the granite as we go toward the Tejon. Infact, theres is a gradual decrease in the width of the
auriferous formation proper from the north Joward the south and » constant increase in the amount of metamorphism displayed, the
graunite oceupying a larger portion of the mass of the Sierra and descending lower down its ftanks, while the erest of the mountains
becomes mote and more elevated, its culminating point being in about the latitude of Owen’s lake.—Report Geological Survey of California.

The eastern part of the region is well timbered, much broken, and very sparsely populated; the western is
thinly timbered, but, being less broken and better adapted to cultivation, contains nearly all of the population.

The following description is taken from a paper by B. B. Reddin g, sq., read before the California Academy of
Sciences : e ‘

'

At the northern end of the valloy, at an elovation of 500 fest ahove the sem, are found Quercus lobata, Sonomensis, Wislizeni,
ohrysolepis, and Douglasii, of the California oaks; of pines, only the nut or digger pine (Pinus Sabiniana); the buckeye (Asculus Californica);
and chamisal (Adenostoma fasiculata), (¢) This is the characteristic arboreal vegetation throughout these 850 miles. Its presence
everywhere shows increased rainfall over the valley and similarity of temperature to that of the valley. Our pasture oak ( Quercus lobaia)
is found at lower elevations in the valley, but always on moist land or mear river courses, proving that it demands, in addition to
temperature, the increased moisture. In the seuthern end of the valley this vegetation prevails at higher elevations, because it there
finds the proper temperature and meisture. Wherever on the foot-hills any of the trees named constitute the predominant arboreal
vegetation, it ig evidence that the temperature is the same as that of the valley, and that plants that can be successfully grown in the
valley can be grown to as-high an clevation on the hills as these trees abound. If one tree were to be talken as the evidence of this
uniformity of temperature, it would be Sabin’s (the nut or digger) pine. It is never seen in the valley or on the hills below an elevation
of abous 400 feet. It is not found at a higher elevation than that in which the temperatureis the same as that of the valley. Itismever
found in groves, but singly among other trees; yet it prevails throughout these 350 miles of foot-hills. R

While the vegetation is more dense on the hills at the northern end of the valley, due to increased precipitation, there are alsolocal
differences, where there is similarity of soil, due to exposure. Throughout all the lower hills the greatest number of trees is found on
gently sloping eastern, northeastern, and northern hills, which necessarily are more moist and cool. The southern aspects contain less
trees, because exposed to the direct rays of the sun and to the full force of the prevailing winds.

@ To these should be added, in the northern portion especially, the manzanitg (drotostephylos Andersoni, pungens, tomentosa) and
several species of chaparral (Ceanothus, notably C. crassifolius, cuneatus, and thyrsiflorus, J$he latter mwore particularly to the seuthward,
where it is so abundant as to serve for fencing), : "
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Every agrieultural product that can be grown in the valley, including the gemi-tropical fruits, can be grown with equal facility ir
these foot-hills, Oxrdinarily the land hasto be cleared of the trees found upon it, and cultivation must be continuous; for on the whole:
western face of the Sierra the native trees, when cut or burned down, are rapidly replaced by a new growth of the same kinds.

These lands are found to have all of the requisites for the succesélful growth of orchards, Fruit trees thrive buetter npon them tham
on the lands of the valley. None of the many theories advanced as to the cause of the treeless condition of many plains and prairies
having ample rainfall seem o be entirely satisfactory, but experience has demonstrated that orchards grow best and thrive with less
ortificial aid on lands that in a natural condition are covered with trees. ‘

The increasing exports of small fruits, such as strawberries, blackberries, and raspberries, from the vicinity of Newcastle and Auburn,
and their superior size and quality, prove that this region is better adapted to their culture than any place yet found on the level lands
of the valley.,, The peaches of Coloma have a stall reputation for flavor and size. The apples of Nevada and Georgetown are equal in
gize, taste, and keeping qualities to the best imported from Oregon. The QOroville oranges have been pronounced equal to the best of
Los Angeles. The vine grows with luxuriance and bears abundantly wherever it has been planted throughout all this region, The wines
of Coloma have more than a local reputation. Persons competent to judge assert that wine from grapes grown on the foot-hills is free
from the earthy taste that characterizes much of the wine of the flat land of the valleys. They also express the belief that if ever wine
is to be.made in California as light as that from the Rhine and as free from aleohol, the grapes will be grown in the higher slevations of
the foot-hills, where snow falls and remains on the ground a fow weeks each season, It is said that the long summers and great heat of
the valleys develep the saccharine matter in the grape, which, by fermentation, is converted into alcohol. } -

In Butte county the line separating the foot-hills from the great valley is well defined, the surface of the former
being not only undulating, but broken and barren, and with an abundance of bowlders. Tor the first 8 o 9 miles
eastward the soil is said to be thin and veleanic in character. All of the lands of the region are red and gravelly,
mostly destitute of trees, and on the hills barren, those of the valleys being best suited for cultivation.

In Yuba county the country near the valley is at first rolling, but it becomes more and more hilly, rocky, and
brushy te the eastward. The soils of the western part are chiefly red and pebbly clays, and on the lower hills are well
adapted to fruit trees and vines. These red lands reach across Nevada county, interspersed with granitic lands,
into Placer, where they are the prevailing soil on the broken hill country from the foot of the Sierra to the belt of
granite 2 miles west of Auburn. - The timber growth is white, live, and black oaks, buckeye, and chaparral.

In the counties southward the same general features are seen: a low, rolling couniry, sparsely timbered with
an oak growth, rising into higher aud more heavily timbered hills toward the Sierra mountains, The soil is also
a'reddish or brownish loam, tillable, however, only in the valleys or on the low hills of the western part of the belt.
Lumbering is the chief industry in the eastern part of these counties, and as a matter of interest concerning the
timber growth the following extract from a letter of a correspondent of the San Francisco Bulletin.is given:

» The timber belt of Mount Diablo parallel commeneces on the Stanislaus river, 40 miles east of Stockton, by the appearance of
straggling oaks on the bluffs, which are from 40 to 150 feet above the water. Asthe rock-bounnd surface gradually rises these trees attain
a larger size and become more numerous, especially in depressed locations, where deposits of soil haye been made. Inno place within
sight, until reaching Chinese Camp, is there an average of over one acre of well-timbered surface to the square mile, At Chiness Camp the
digger or nut pine begins to appear, interspersed among the oaks, The surrounding hills have before this begun to assume the magnitude
of mountaing, near the middle and rounded top of whieh this tree may clearly be distinguished in the distance, IFrom Chinese Camp to
Columbia, 16 miles, there is no material change in the sylvan vegetation, except an increasing density of this pine growth, with an .
occasional appearance of Sabin’s pine. Columbia may be considered the starting-point of the great pine forest which extends east to the
upper foot-hills of the Sierra, 60 miles. The southeast limit of this range is said to terminate at Yosemite ridge, below which the timber
is in patehes ; to the northwest it extendsinto Oregon. Besides the pines, cedars cceupy & prominent position in the sylva of this belt;
commencing at an altitude of 4,000 feet, they gradually increase in numbers, till in some spots they have precedence of all others, The
black oak is interspersed in mederate quantities among other trees. i

- A prominent feature in the topography of Amador, Calaveras, and Tuolumne counties is the oceurrence of helts
of lava-capped hills and mountains, as well as deposits of other volcanic material, the remains of what were once
lava flows from the Sierra mountains westward. Table mountain, rising some 2,000 feet above the Stanislans
river, has a length of about 30 miles, its flat top being from 1,200 to 1,800 feet wide. At Texas Flat, Tuolumne
county, there is a vast accumulation of calcareous tufa formed over the auriferous gravel in an ancient guleh
emptying ‘into the Stanislaus river, where it rises in picturesque cavernous cliffs resembling coral reefs. In this
tufa are found the bones and teeth not only of the mastodon, elephant, and other gigantic animals, but also of the
horse and other mammalia, together with land and fresh-water shells.

In Mariposa county the foot-hill region is narrow and its hills low and tillable, though but little farming is
done. The soil of the hills is a reddish clay, while the valleys are covered with a dark loam.

THE GRANITIO REGION.—A belt of granite having a width of about 10 miles reaches from Feather river
southward through Butte, Yuba, Nevada, and Tlacer counties into El Dorado county and the northeastern corner
of Sacramento, near Folsom. In Nevada county especially this rock is very abundant, outeropping in large areas,
the chief belt passing a little east of Grass valley, northward by San Juan, to Feather river. The rock appears in
large masses and in weathered bowlders, giving rise to sandy and gravelly lands, while the surface of the country
is broken into the rounded hills characteristic of granitic regions. Southward in other counties as far as Mariposa
granite appears occasionally in smaller belts, and outcrops among the slates and metamorphic rocks of the foot-hills.
Still southward from Mariposa to the limit of the foot-hills it is the prevailing rock, with a bordering narrow belt of
slate, which, with its occasional capping of Tertiary sandstone, gives to it a broken character, its valleys being covered
with sand and gravel. - ; :

REGION OF LAVA BEDS.—The lava beds cover nearly the entire foot-hill region north of Feather river, Butte
county, reaching also far northward across the Sierra region to the Oregon line, their western limit being the
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Sacramento river. The region is described on page 62 as a subdivision of the Sierra mountain region. The lava

beds are said to terminate not far from the river in abrupt edges, the plains below being also covered with volcanic
fragments. The streams have cut their way through the lava, in gorges some 200 feet deep, into the Cretaceous
beds that underlie it. The surface of the lava bed is usually destitute of vegetation and of soil of any depth. In
Shasta county, between Cow and Bear creeks, the hard lava gives place to a broad plain of voleanic ashes, which
is said to be almost destitute of trees and bare of herbage, and, as yet, hardly eroded into cafions.

Very little of the entire lava region is suitable for cultivation, though some of the streams have a little fertile
bottom land. :

In Tuolumne and adjoining counties there are other table-lands and hills of basaltic lava, which form a
prominent feature of those counties. They are described in connection with the Sierra mountain region.

THE FOOT-HILLS OF THE COART RANGE.

Assuming the Sacramento river to be the dividing line between the foot-hills of the Sierra and those of the
Coast range in Shasta and Tehama counties, we find the latter region occupying a large area in the sonthwestern
and western portions of those counties, the maximum width in Shasta being about 35 miles. Ifs surface is rolling
and broken, interspersed with many small valleys, and is but sparsely timbered. These hills are too broken for
cultivation, and the farms lie chiefly in the valleys. The soil is mainly a red and gravelly loam, and when under
cultivation yields good crops of grain, The higher valleys are mostly devoted to grazing purposes. This region is
well watered by many streams, which, rising on the Coast mountains, flow eastward into the Sacramento river,

In Colusa county the foot-hills become more and more broken toward the foot of the Coast range, and are partly
covered with an oak growth and partly with laurel, manzanita, and chaparral, The cultivable land lies chiefly
in the several valleys among the hills, viz, Indian, Bear, and Cortina, with lengths of from 10 to 30 miles and widths
of from 2 to 5 miles. Their soils, largely red and gravelly loams, are partly under cultivation. In the southern
part of Colusa county the region flattens out, but in Yolo county it rises into a belt of low, rolling hills, which
reach castward to within 3 miles of the railroad and southward to Cache creek, and even beyond, to within a few
miles of Woodland. Its width is about 4 miles, and its soils are mostly dark and gravelly, with traets of red lands.
Fairview valley, on the west, a *“ hollow” some 2 or 3 miles wide, separates it from the Coast range. On the south
of Cache creek the foot-hills become a very narrow belt, reaching to and a little beyond Vacaville, Solano county,
and embracing a region south of Putah creek known as the % Vacaville fruit belt”. Southward still to Suisun bay
there are but a few low, isolated hills to mark the termination of the belt.

The Vacaville fruit belt is about 12 miles long and from 1 to 3 miles wide, embracing Vacaville and Pleasant
valleys and foot-hills,and is limited on the south by the Montezuma hills. These valléys open out into the Sacramento
valley, and their soils are chiefly dark loams, with some adobe around the town of Vacaville. A portion of the
region is in what is known as the thermal belt of the Coast range, lying a few hundred feet above the plains
and above frost limits. The hills are partly timbered with scattered oals, buckeye, ete., and where not too steep
are, with the valleys, very largely under cultivation. '

Soils of the foot-hills.

The following analyses have thus far been made of soils of the foot-hill region adjoining the great valley.
‘While no systematic exploration of the region has made it possible to select the samples advisedly and systematically,
Yet it is probable that the main features of the “red soils” arve represented within the list: :

No. 559. Eed loam soil from near Redding station, Shasta county, collected by Mr. N. J. Willson, of the Central
Pacific railroad. This is o moderately heavy red-clay loam, with some gravel and but little coarse sand, which
probably is somewhat heavy in tillage unless when just in the right condition. No notes regarding this soil have
reached me, but it is stated to be the representative soil of the region around Redding.

No. 705, Red chaparral soil from a few miles west of Ahders’on, Shasta county; sent by Mr. George A. Moore,
of Anderson, who states that this land is covered with a dense thicket of chaparral (Ceanothus) and poison-oak,
with some small oaks and other brush. Depth taken, 12 inches. This soil is of a deep orange-red tint, and. is quite
heavy and cloddy when dry. The lumps cannot be crushed with the finger, but soften readily with water, and
then show a considerable amount of coarse sand to be present. ’

No. 706. Subsoil of the above, taken from 12 to 24 inches depth; similar in aspect to the soil, but more clayey
and less tractable, the clods also softening when wet. Mr. Moore says that “about 4 feet from the surface there
is such a eompact mass of elay and gravel that watey does not penetrate over 15 inches from the surface?.

NO'. 499, Red upland loam soil from near Wheatland, Yuba county; a stiffish, glaringly oramge-red loam,
forming the soil of the undulating uplands and strefching from the foot-hills several miles into the valley, and bub
little above the general level of the latter. This soil tills easily when taken in the right moisture condition, bub
plows very cloddy when either too wet or too dry. It is chiefly given to pasture and wheat-growing, and yields from
15 to 20 and sometimes 25 bushels of fall or winter-sown grain in good years, and in poor ones from 11 to 13 bushels
per acre, but never altogether fails, It responds very kindly to summer fallowing, and in its natural condition
has little else than herbaceous vegetation, with some scattered poison-oak bushes. o :

No. 51. Red surface soil from the foot-hills near Auburn, Placer county, taken 12 inches deep ; sent by Mr.

. N. 8. Prosser, of Auburn. Original vegetation, oak (@. Douglasii), pine, and chaparral. This is a fair samplo of
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the red soil of the placer mines, which seems to contain a small amount of gold everywhere, and has been waghed
on the small scale ever since the first discovery of gold in California. It is of a dark orange color, rather light in
tillage and pulveralent when dry, forming a very fine reddish dust of congiderable repute. It contfuns throughout
numerous fragments of slate, more or less decomposed, of all sizes, and is usually underlaid by the same or its
debris at a variable depth, rarely less than several feet, unless lying on steep slopes. ¢

No. 190. Red loam soil from the foot-hill slopes near Lagrange, Stanislaus county. Vegetation, scattered oak
timber (mainly Llue and white oaks), with little or no underbrush’ save some poison-oak; also grass and flowers.
This is a moderately heavy, glaringly orange-red loam, tilling well unless when very wet, conta,ms butlittle gravel,
and is not much in cultivation, save in garclens in thls neighborhood; makes fine vegetables and fruits. Sample
taken to 12 inches depth.

No. 191. Red foot-hills soil, taken two miles north of Merced Falls, on the Lagrange road, Merced county ; depth,
10 inches. This is a rather heavy brownish red-¢lay soil considerably mixed with gravel. The natural vegetation
is grass and scattered “Dblue” oaks, chiefly pastured at present, but capable of producing from 15 to 20 bushels of
wheat per acre in good seasons and with good tillage.

No. 196. Red gravelly soil from the rolling *hog-wallow” country about eleven miles north of Merced city, on
the Hopeton road, Merced county. This represents a rolling tract of foot-hill country extending southwestward
from nearsMerced Falls, and, gradually flattening out, terminating near the railroad between Atwater and Merced
stations. The surface, even to the hilltops, is deeply scored into “hog-wallow ? mounds, separ ated by a maze of
little channels filled with gravel, and sometimes with cobble-stones. In low, undrained places of this tract lies the
¢“dry bog? soil, of which No. 701, from Tulare county (see pages 27, 28),'may be taken as representing the best
class, Land like No. 196 is not at all cultivated at present; but ou the flanks of the ridgy tract lie lands like
those at Huffinan’s (see No. 193, pages 27, 28) where grain-culture is very successful. The country is treeless and
free from underbrush.

;S’mls of the Joot-hills region.

SHASTA COUNTY, YUBA COUNTY. fg@;ﬂ‘ S";%’{,’ﬁfl:‘;f’s MERGED COUNTY.
ELEVEN
REDDING BTA- . . NEAR NEAR NEAR NEAR N
TION, NEAT ARDTREOX. WHEATLAND. AUBURN, LAGRANGE. || MERCED FALLS. Lég‘xifm’;{%gﬁl
s Red chaparral | Red chaparral i 1 : Red foot-hilis | Redfoot-hills || Redfoot-hills | Hog-wallow
Red soil. soil. snbsoil. Red-lonm soil. soil, soil. soil. Boil.
No. 559. No. 705. No. 706, No. 409, No. 51. No. 100, No. 101, No. 196.
Insoluble matter........ .| 76,274 63, 384 1 63, 104 78,780 67, 016 73. 852 79,078
’ . . 2, 60. 52 , 879 7,858 84, 622
Soluble silica ..... PPN L R L g DALY Regeg LT %2 |0 ong {7 4 5003788 | g g §
Potash..cooericieinrieecinananas 0, 500 0,417 0,457 0,249 0. 38 0.362 0. 375 0. 208
0. 041 0. 052 0. 044 0.035 Q.07 0.126 0.125 0.111
0,104 0. 288 0. 827 1,021 0. 06 1. 544 0,351 0. 894
0. 403 0. 207 Q. 350 0,471 1. 09 0.720 0. 840 . 301
Brown oxide of manganess........ 0,009 0, 037 0. 029 0.018 0,39 0. 031 0, 066 - 0,033
Peoroxide of IToN. veeeenennnea aes 6, 686 7.705 6, 263 5. 811 12, 42 7.87% } G, 064 3. 903
Alumina. o con oo 8,480 14, 443 17. 434 6, 283 10, 97 0, 864 8, 804 6, 660
Phaosphoric acid .....covinitiunnnn, 0,086 0. 047 " 0,064 0. 043 0.16 0, 091 0, 67 0,053
Sulphurie acid Tereemen 0,012 0. 074 0. 043 0. 019 0,01 0. 362 0. 221 . 0. 082
Water and organie matter ......... 3,968 7. 680 7,220 3. 044 5,14 8. 766 5, 060 4,143
Total oo it 100, 615 09. 814 100, 154 100. 186 101, 11 a0, 614 100, 731 1'00.‘ 570
Homus - oo cen-- et caanaas . . 0, 460 114 0,715 0.712 0,758
Acvajlable inorganic ........ . 0. 336 1.12 0. 448 0. 467 0. 533
Hygroscopic moisture .- O (1 R 5,421 6114 4,967
absorbed ab.aeomer i . ' . 15 C.0 15C.0 15 C.0 15 C.0 I5Ce

The above analyses show that the soils of the foot-hills are more variable i in their composition than would be
inferred from the general similarity of their appearance, viz: a high orange-red tint, arising from:the presenco of
from about 4 to over 12 per cent. of finely diffused iron oxide (ferric hydrate), and a texture varying from that of
moderately heavy loam to a stiff clay, with more or less of rolléd gravel, at times to such extent as to impede
tillage, and occasionally so closely packed as to render cultivation unprofitable. Their ecapacity for absorbing
moisture is in all cases fair and adequate, and in some cases high.

‘The supply of lime is hardly adequatefor such heavy soils as in the case of those from Shasta county. Inthatfrom
Redding lime is deficient, and should be supplied where thriftiness is desired, and the same would be advantageous
in the Anderson soils, TFarther south the lime percentage increases, being 111@]1 in the region from Wheatland to
the Tuolumne near Lagrange, but again comparatively low in the foot-hills and hog-wallow ridges of Mereed county.
The superior adaptation of that mlddle region to fruit, and especially to grape culture, is doubtless connected with
this fact. The supply of potash is only moderate, and in some cases low for such heavy soils, as in Nos. 459 and -
196 In the case of the soil from Reddmg, the higher potash supply oﬂbets, in a measure, the deficiency in lime.
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As to the supply of phosphates, it is on the average quite low, being deficient especially in the Redding soil, and
likewise, considering its heaviness, in the Anderson soil. In the latter case the use of bone-meal, recommended
by me to Mr. George A. Moore, has resulted in a surprising improvement of production, thus proving the
correctness of the indication furnished by analysis. The soil in its natural state failed altogether to produce

‘remunerative crops, scarcely giving back the seed sown—¢“about one and a half tons of hay on six acres, and

potatoes at the rate of about one-tenth of the bulk planted”, as stated by Mr. Moore. The use of lime wonld
doubtless still forther help the thriftiness of this soil.

From' the small amount of humus shown in the analysis of the Wheatland soil it seems probable that the
sample represents a subsoil rather than the arable soil itself, and it may be that in the latter the phosphates would
show a higher percentage. In the sample analyzed the phosphates are deficient, but the productiveness would,
for the time being, be maintained, in consequence of the presence of so much lime and the gleatel lightness of the
soil. Before long, however, phosphate manures will be desirable in that region.

The soil from Auburn is altogether the best of the foot-hill soils thus far exmnmed having a large supply of
phosphorie acid, with plenty of lime, a fair supply of potash, and a high percentage of humus The analysis shows
good reason for the high estimate in which this region is held for the production of fruits, grapes, ete. The soil from
the.Lagrange foot-hills is not quite equal to it, but still it is a high-grade soil. That from near Merced Falls, No. 191,
ranks somewhat lower, being very gravelly and having a smaller supply of both lime and phosphates,ewhile the

soil of the ¢“hog-w allow " ridge, No. 196, ranks still lower, on acconnt of a deficiency in potash. To the southward, in
Fresno and Tulare counties, lime is again on the increase, as is indicated by the character of the valley soils 'md

. the occurrence of limestone in the foot-hills themselves; but no analyses of soils from these southern foot-hills have

ag yet heen made.

It is thus evident that thele are considerable differences and ‘memfmons in the character and value of the
foot-hill lands, and that, while the greater portion is probably of fair to high quality, especially for fruit culture,
there are tracts requiring manures from the very outset. Such can doubtless be recognized by an attentive
observer from their vegetation. DBut my own observations, as well as the reports thus far received, are not
sufficiently extended to determine what are the characteristic plants of each. \

In view of the great uniformity of these soils to a depth of 15 inches or more, and their usually somewhat stiff
character, deep and thorough tillage is indicated as of especial importance in their cultivation.

Soils of the foot-hill valleys~—As even the apparently uniform red soil of the foot-hills varies not inconsiderably,
the same must be true to even a greater extent as regards the individual valleys within the region traversing belts
of widely varying rocks. While it is true that the rivers of the Sierras most frequently emerge from the hilly
country through narrow gorges or cafions, yet not inconsiderable areas of valley lands exist among the foot-hills.
The following analyses were made originally with a view to a comparison between the original soil of a valley and

the slum, or “slickens”, that has overrun the same; but they are equally interesting as showing the wide divergence

of the soil of individual valleys from the general average, whether of the foot-hills or the great valley itself:

No. 67. Mining shum soil, sent by Mr. J. Taylor, of Mount Pleasant, near Chinese Camp, Tuolumne county,
December 16, 1877. The soil is a fine, cinnamon-colored sediment, deposited from the washings of the hydraulic
gold mines of Chinese Camp and Montezuma. Some of the lumps in the soil were very hald to pulverize, yot
most of them yielded te pressure between the fingens.

No. 68. Valley adobe soil, sent by Mr. J. Taylor, of Mount Pleasant, December, 1877. This is a black, clayey
soil, now underlying the “mining slum ” soil (No. 67) at a depth of 2 feet, and was quite fertile.

Soils of the foot-hill valleys, Tuolumne cowunty.

Mining Valley
slom soil. | adobe seil.

No. 67, No. 68
72,98 56, 61
0.19 0.19
) 0.21 0,14
; 1.19 0. 68
Magnesia 2,82 13.74
Brown oxide of mankanese .........: 0.08 0.08

Forric 0xide ..vreinmnecrinnireineasn 9,30 }

Aluming ceeeveiiis caiiaciaaan. ceeen 10,55 18.43
Phosphorio8eid, .ovrevsevuceeaneianas 6.08 0.07
Sulphuric acid....cvoeiniiiisonnns. 0.03 0.01
Organic matter and water...wa.veean. 4,43 9,84
Total ccvenevanniiini i i 101, 36 99.79
HUMUS - cerenerinirnnvaraasenmenennns 0,42 1. 614
Axvailable inorganic. .. ceeeeniauan .- 0.36 0.395
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The slum material is ratherpoor in the two most important ingredients of plant-food, potash and phosphoric
acid, and it will probably be somewhat refractory in tillage for some time. In humus and available plant-food it
is as yet naturally poor, but its redeeming feature, the large percentage of lime, will enable it to overcome this
objection after having been covered with vegetable growth for some time. :

No. 68 is a very remarkable soil in more than one point of view. On the whole, it i not dissimilar to the
“glum? soil that has overrun it, and as regards the essential ingredients of plant-food it is no richer than the latter,
except as regards the humus, and, consequently, the nitrogen and proportion of available plant-food. For the
time being it would produce better than the slum soil, but ultimately both would be about equally durable, while
neither takes a high rank in that respect. The unique feature of the adobe in this case is the extraordinary
amount of magnesia, in which it exceeds ‘all cultivable soils that have come under my notice heretofore. Both
soils are probably derived substantially from the samne original sonrce, but the magnesian rock-powder has, in the
cage of the adobe, been so far decomposed by atmospheric action as to render its base soluble in the acid used in
the analysis, while in the slum soil most of the magnesia has doubtless remained in the insoluble part.

A comparison of this. “slickens?” sediment with those previously discussed (pages 27-29) shows that there must
Dbe a very great difference in the agricultural value of the sediments coming from different valleys; forif the general
sediment of the Sacramento river is so rich, despite the incoming of snch materials as the one last deseribed, the
slum coming from some of the valleys must be of extraordinary richuess, and a benefit to any lands covered by it
to any moderate extent, when unaccompanied by the floods of gravel that render the richest materials praectically
useless for the purpose of the husbandman, ‘ '

The sediment No. 67 now covers the original soil, No. 68, to a depth at which the latter is practically out of
reach of the roots of crops. ‘

THE SOUTHERN REGION.

The territory embraced in this division ineludes portions of the coupties of Los Angeles, San Diego, and San
Bernardino; in all a little more than 15,000 square miles. ‘

The region subdivides naturally into a division embracing the Les Angeles and San Bernardino plains, the
chief agricultural portion of southern California, and a division embracing the rolling hills, mesas, and interspersed
valleys of San Diego. Both divisions are bordered eastward by the high and rugged mountains of the Sierra Madre,
San Bernardino, and San Jacinto ranges. L ‘

The prominent feature of the southern region is the San Bernardino range of mountains, which, rising suddenly
on the east to an elevation of from 4,000 to 6,000 feet above the sea, separates the coast belt from the great
desert. Trom its junction with the Sierra Nevada mountains, in Kern county, it trends southeastward, and
presently divides into two prongs, the northerly one continuing nearly to the Colorado river and gradually falling
in elevation, the other, the San Jacinto range, bending southward, and, with a diminished height, pissing out of
the state into Mexico. This high range is almost altogether treeless and uninhabitable, has a width varying from
a f/ew miles to as much as 30 or 40 miles, and forms an almost unbroken barrier, with but few passes, hetiween the
great desert on the east and the agricultural valleys of the coast region.

To the westward of the range the mountains decline in altitude toward the coast, and are interspersed with
many small valleys and mesa lands and penetrated to a distance of 75 miles eastward from the coast by the broad
agricultural region known as the Los Angeles and San: Bernardino plains. The higher mountains, those that lie
near the San Bernardino range, are partly timbered with oak, cedar, pine, and fir, while the lower ranges are
mostly bare, their lower slopes and cafions being covered with a chaparral. This division is watered by numerous
streams flowing westward into the ocean, mostly without any great length. Of these the San Gabriel and Santa
Anarivers, in the Los Angeles plain, and the San Jacinto anfl San Diego rivers, in San Diego county, are the largest.

LOS ANGELES AND SAN BERNARDINO PLAINS,

The large agricultural region reaching inland from the coast, and bounded on the north by the high Sierra
Madre or San Bernardino mountain range, on the west.by the Sierra Santa Monica and others, and on the east
(apart from the San Bernardino valley) by the Santa Ana mountains, covers an area of nearly 2,000 square miles. Its
extent along the coast is about 65 miles, though broken by some mesa lands and hills. Northward itreaches ahont’
35 miles across a chain of low hills to the mountains, whence it extends eastward for 40 miles in a belt of from 5 to 20
miles in width, forming the San Bernardino valley, and westward into the San Ternando valley, its entire length east
and west being about 90 miles. It is divided properly into several large valley regions: the San Fernando valley.
on the northwest, separated from the coast and Los Angeles plain by the Santa Monica mountains; the Los Angeles
plain proper, reaching along the coast from the latter mountains southeastward and inland to the high ranges, and
including the San Gabriel valley; and the San Bernardino valley, forming the eastern extension alluded to, and

separated from the coast on the south by the Santa Ana range of mountains. 605
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. San Fernando valley~This valley covers an area of about 200 square miles, and has a length of 16 and a width of
121miles, becoming very narrow on the east, where it opens through a gap into the Los Angeles plain. It is watered
by the Los Angeles river, other streams from the mountains disappearing before reaching far into the valley., The
surface is rolling, and on the north of the river there is a heavy growth of brush and cactus, the soil being very sandy.
Along the river there are alluvial loams, while the lands of the rest of the valley embrace sandy loams, heavy
on the northwest and light on the south, with alfilerilla, clover, sage-brush, some tar-weed, ete. Very little of its
lands are under cultivation, the chief erop being small grain, with a yield of 30 bushels per acre.

Los Angeles plains.—It is usual to divide the Los Angeles region into a lower or coast plain and an upper
plain, the former embracing a belt of low and “moist” land elevated from 5 to 80 feet above the sea, interspersed
with low sandy ridges, and reaching inland for 15 or 20 miles. The eoast-line of the county presents a series of
low bluifs, sandy beaches, plains, and valleys on each side of the prominent headland that separates Santa Monica
and San Pedro bays. The seaward slope is covered with a low and densé growth of sumac. The surface of the
country rises inland, and is mostly undulating northward to the hills, where it becomes more broken, with low ridges
and mesa or table-lands. Along the northern border of the plains the Sierra Madre mountain range breaks off
precipitously on the south to a smooth, sloping plateau from 1 to 5 miles wide, which extends for a considerable
distance along the base of the mountains through Los Angeles and San Bernardino counties. This plateau has a
slope of from 100 to 300 feet per mile, and is evidently composed of the detritus washed down from the steep
mountain slopes. From the Los Angeles river to the line separating the two counties the soil of this plateau is
generally composed of red loam, compact and deep, containing considerable clay and fine gravel, while farther east
gray granitic sand, gravel, and bowlders are the leading characteristics. In Los Angeles county this platean in
many places breaks off nearly vertically to a lower bench, along the rim of which large springs burst forth; but
in general it slopes directly to the interior valley, with no perceptible division separating it from the valley
proper.. The country is without timber growth, except some willow, cottonwood, and sycamore along the. streams,
and sumac on the plains. The region is greatly diversified in its agricultural features and lands, the several
varieties of sandy, gravelly, and clayey loams, both dark and red in color, occurring in irregular tracts, large and
small, and .gradually passing one into the other. The mesa or table-lands are chiefly red clayey loams, more or
less gravelly, and usually occur near the mountain ranges, as well as in large bodies west and southeast of
Compton, nearer the coast; they are said to be excellent grain as well as fruit lands. Throughout the rest of the
valley dark loams, usually reddish, predominate. These loams are sandy, gravelly, and sometimes rocky near
the hills and upon the higher tracts, while in the lower portions they are usually heavy, and often pass into the
true adobe, a large body of which lies in the La Puente valley west of Spadra.

One of the most prominent features is the coast plain or ¢ alkali lands? region, which occupies the greater part
of the southern coast of the county. ~According to the records in the state engineer’s office, this region extends from
a few miles south of Los Angeles south to the coast, and southeast along the shore nearly to San Diego county,
with & width of from 6 to 8 miles. The surface is partly flat, partly rising into low sandy ridges, between whieh
lie the valleys or swales of alkalilands proper. The soil is usually a mouse-colored or somewhat bluish fine loam,
sparkling with small scales of mica; it has little vegetation beyond the ¢ alkali grass” (Brizopyrum), and the low
portions do not produce well unless special means are adopted to counteract the effects of the alkali. This lower
plain isthe corn-growing region of this part of the state, its moist lands needing no irrigation and producing large
Crops. .

There are & number of other tracts of alkali land in the higher portions of the county, notably on the San
Gabriel river, east of Los Angeles, and on the north of the Santa Ana mountains.

San Bernardino valley.—On the north is the San Bernardino range of mountains, having an altitude of from
5,000 to 7,000 feet; on the east a low range of clay hills, having for their summit the divide of the San Gorgonio
Dass; on.the south a low range of clay and granite hills; and on the west a high mesa, forming the west bank
of Lytle creek. The surface of the valley presents a gently undulating or level plain, gradually rising toward
the hills from the Santa Ana*river, and in places is studded with trees. The soil is a gray gravelly loam, rather

~ Stiff in the center of the valley, becoming more and more sandy as the hills are approached. That at Riverside

and on other plateaus or mesas is red and clayey in character and of great depth. These lands are said to produce
as much as 35 bushels of wheat per acre, and are pre-eminently adapted to fruit-growing,

THE §AN DIEGO REGION.

Until quite lately all but the coast of San Diego county was difficult of access and little known to the general
public. No systematic or even somewhat full description of the interior region has thus far been given in any
publication, and what follows is compiled from many sources and eursory statements not always agreeing with each
other. The country south of the Lios Angeles plains is, along the coast through San Diego county, rolling and
somewhat broken, interspersed with mesa lands and valleys, and is almost entirely treeless, comparatively little of it
being snitable for cultivation. Inland the surface becomes more and more broken and hilly for about 30 miles to the

low mountain belt that, with an elevation of about 3,000 feet, lies to westward of the high San Jacinto range.  This
1196 _ o0 '
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mountain d.vision is about 40 miles in width, though varying very greatly, and is a continuation southward of the
Santa Ana mountains. It contains extensive tracts of good farming lands in the valley-like table-lands that are
inclosed hetween the main mountain ridges and . is said to be the best agricultural portion of San Diego county.
‘Wheat, barley, oranges, grapes, etc., are among the products. Along the San Diego river there are narrow valleys
that are among the best farming tracts of the county. Of these Cajon valley is perhaps the most noted, and may be
tiken as a type of the others. It isabout 20 miles east of the c¢ity of San Diego, and, as its name indicates, has
the appearance of a great basin 6 miles long and 4 miles wide, walled in on every side by mountains, and reached
with difficulty, from which the San Diego river escapes through a narrow cafion. The surface of this valley is
comparatively level and treeless, except along the river, where there is a growth of cottonwood, sycamore, and
willow. The soil is a sandy, gravelly loam, largely under cultivation.

A descriptive pamphlet issued by the San Diego chamber of commerce says of the county :

The following is the picture presented to nine-tenths of the visitors who approach this county by way of the const: Hard,
gravelly table-lands, either barren or clad with a dreary black brush ; rolling hills of gravel, bristling with cactus and cobble-stones ;.
gtony slopes, scarved with gullies and washes; no trces, no streams, o springs; the general barrenness relieved only by a few choice little
valleys and a fow tracts of good table-land, Looking inland, the visitor sees only swell after swell of bare hills looming through a dreamy
hage and terminating in a high range of dark blue mountains on the east. The farming land, however, lies seattered in a thousand
shapes all over a tract about 100 miles long and 70 wide, the greater part miles away from the coast, and visible only after many dr ya"
{ravel. Beginning at a point along the southern line of the county some 95 or 30 miles from the coast, and running bhack to the crest of
the mountains bordering the desert, thence north Lo Temeonla, is a belt upon-which the rainfall is nearly always double, often triple, that
of the country along the lower const. Along this belt lie Valle do 1as Viejas, Cuyamaea rancho, the Julean hills and valleys, the Santa
Ysabel, Mesa Grande, Warner’s rancho, Guejito, Bear valley, Pauma, Smith’s mountain, and smaller valleys too numerous to mention, with
some largo tracts along its edge partaking somewhat of its general nature, snch as the Santa Maria, San Bernardo, Rincon del Diablo,
ete. Upon the main part of this belt crops are as absolute a-certainty as in any part of the east, and though subject to many of the canses
that shorten crops in the east, such as unfavorable weather for ‘gtooling” or “Alling”, ebe., they never suffer from drought., All through
this section frait is raised in perfection without a particle of irrigation. * ¥ % The average altitude of this belt is about 3,000 feet,
and it covers about one-third of the country west of the desert. )

Near Temeenla this belt divides, one branch running off toward the high mountains on the enst, the other bending off to the west,
leaving tho great plains of Temecula and San Jacinto, with all their rich lands, snbject to the general uncertainty of the rainfall of all
gouthern California. Theso plains often have as heavy o rainfall as the above-mentioned belt, but, as about once in three years they fall
short, they cannot be included within it. The castern bran ch of this rain-belt runs into a country in which bare, rugged, and dreary hills.
are the general rule, though there are a few fine little spots, guch as Oalk Grove, Bladen, and Agusuga, and some largoe valleys like the
Coahuila.

A section of this western rain-belt, embracing Fall Brook, the greater part of Santa Margarita and Santa
Rosa, running all the way to the coast ab Las Flores and Forster City, and really ineluding within its limits the
Vallecito de Temeenla, Monserrate, and the whole San Luis River valley above Monserrate, along with Paimousa
and mount Fairview, has less rain than the main belt, but in the driest years the precipitation has never fallen
below 74 inches.

Tully three-fourths of the arable land in the eounty is alluvial, either waghed from the ancient streams or lakes.
or from the hills, and free from rock or clay immediately below the surface; and on three-fourths of the rest the
rock or hard-pan is too far below the surface to do any injury. The adobe, or California clay soil, one of the richest
and strongest in the world, but one that requires much water at just the right times, is here comparatively rare,
most of the soil being alluvial and very loose. :

Timber is abundant throughout the river bottoms and in the mountains, willow, cottonwood, and sycamore
prevailing on the former.

Soils of the southern region.”

+

The lands of the inland valleys and mesas are characterized mostly by soils containing a large amount of
gravel and coarse sand of a brownish or reddish tint. They are commonly distinguished into lands of the
first beneh, or bottom lands of the streams; lands of the second bench, forming cither at the present time or
originally a system of terraces elevated from 15 to 25 feet above the bottom lands, and still readily irrigable from
the headwaters of the streams; and, finally, the mesa lands, lying at higher elevations and with no definite relation
to the present drainage system, and not ordinarily conveniently irrigable from the streams, but dependent upon
sources of supply lying high up in the ecafions, Of course these distinetions are not absolutely maintainable, the
gecond benches and lower mesa lands passing into. each other imperceptibly, especially on the upper portions of
the streams, while again, in the lower portions of the same, the second bench lands often lie high enough to be
classed as mesas. On the slopes of the mesa Jands the soil of the latter and that of the bench lands are frequently
commingled. .

It is to be regretted that none of the important soils of the cienegas” have as yet even reached the collection
of the College of Agriculture. Of those of the coast, only a few samples from the swales impregnated with alkali
have been received, and these have been examined in respect to alkali only, as hereafter noted. The reddish-gray
soils of the San Bernardino valley are represented in the table of analyses on page 40 by the seil and subsoil from.
the neighborhood of Pomona.
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* No. 130. Swiface soil of the second bench of the San Gabriel valley, Los Angeles county, taken from Alhambra
P ranch, near San Gabriel, December, 1877, by Mr. J. De Barth Shorb., “A fair sample of the heavier class of soils
" in the San Gabriel valley.” Color, dun or brownish gray, showing at once a good deal of small gravel and coarse
sand. This soil lies higher than that on which thé older orange orchards of the valley are plunted, but the tree
P seems to thrive equally well on it when given sufficient moisture. s ' '
: " Nos. 382 and 381. Soil and subsoil from Pomona colony, Los Angeles county; taken respectively to the depths
of 12 inches and from 12 to 32 inches. The soil and subsoil scarcely differ in appearance, and are a reddish-gray,
rather sandy loam, easily tilled; natural vegetation, alfilerilla, clover and malva (1. borealis), and some “rattleweed”
(Astragalus Menziesit); produces about 25 bushels of wheat and 10 tons of alfalfa hay per acre when irrigated, and
; is well adapted to cereals and fruits. ) : :
Pl No. 47. Susface soil of mese land, such as forms the larger part of the arable land in the southern part of San
o Diego county. This analysis was taken by Mr. F. A. Kimball, of National ranch, San Diego county, who 4hus
describes it : o :

The change of tint from surface soil to subsoil ocours at depbhs varying from 11 to 25 inches, and the sample sent represents the
average from widely separate places, but with the same kind of soil. The underlying subsoil variesin thickness from 2 to 10 feet or more,
is very retentive, and is of a clayey nafure.

P 4 ' Theorange, lemon, and olive yeem hetter adapted to this “red mesa * soil than to the best valley soils of the San Diego, Sweotwater,
E Otay, or Tia Juana rivers, a larger growth and earlier frniting being invariable on the mesa. All the northern fruits, except perhapsthe
cherry and plum, ave produced on it in the greatest perfection, the flavor of the apple and peach exceeding any I have tasted in northern

California or in the east. )
.The soil is of a light reddish-brown tint, rather coherent, and apparently somewhat heavier in working than
soil No. 130, which it otherwise greatly resembles, containing, likewise, a considerable amount of visible gravel.

No. 506, Bottom soil from the Colorado river between El Rio and Yuma stations, San Diego. county; a silty,
pulverulent soil of a light buff tint, dry lnmps but little coherent, changes color but little in wetting, but becomes -
slightly plastic, showing some clay to be present. Unchanged to the depth of several feet; samples taken to 12
inches depth. This soil bears a heavy growth of mesquite trees, in lowplaces arrow-weed, and on the Arizona side

.& great deal of creosote plant (Larrean Mewicana), Oultivation has not as yet been attempted here, but has been
very successful lower dewn. :

Soils of the southern region.

Los ANGELES COUNTY. SaN DIEGO COUNTY.
- ! POMONA COLONY.
i Soil of San Gabriel . . Bottom soil,
i valley. Soil of mesa land. | ¢oma0 river.
| . Low mesn soil, Subsoil. )
! No. 130, No. 382. No, 381, No. 47. No. 508.
‘ Tn861uble MAREE. «eewieveeemannnnns .- 72,519 | 75304 58. 574
; 2 § :
Soluble 108 «oevveme.nrennnn e - - 8L12 5191 {7100 pod L sl {7 e
: 0.27 0. 989 0. 962 0,48 1.177
0.17 0.296 0. 301 0,14 0,102
0.68 ) 2.354 2,052 0,36 8.671
MAgnesin eweseeeveennnnn e tmeemereisievieasaisasatensiesacnannan L7 2,22 2.154 0,54 . 2.0606
Brown oxide of MADZANGES + . n.eeiieicrnneeieauserrnesriennnnnns 0.10 0. 039 0.043 0.10 0,025
Poroxide of ivon . .. 6.30 3,097 7,342 3.69 4,139
BN PR 679 5. 974 5.835 5.12 8,379
PLosphorio 61 ceeamaeeiien et it e ac e e e, ) 0.16 0. 818 0. 049 0.23 0.133
Sulphmie aeid. . 0,022 0. 020 0.03 0,145
Carbonio aeid. ceveveaiemineeccneiiieerennanen I P L FS R | P . 7.818
Whater and erganic matter 2. 550 2,546 § - 2, 60 3. 844
TOBAL - e e e e e ermen m e taeeecenee e ae e e e renmamrnn ) 100, 50 100, 054 100, 480 99. 50 100, 860
 Bumus e i 0824 |eereunns S : 0. 655 0.752
Arvailablo inorganio. ._........ 0.208 |.. 1,430 © o L1s1
s Available phosphorie a0id «..ovoveeiiernrereamiinnieeecennienneen e eee e[ ee e e M 0,133
Poa THygroscopis moisture....... ... dreeeienacaseanaaaas 2.80 8. 460 2,840 |, 9,204
j ! } ABBOTBOA &b v eeeneeeenie i i reeans 15 Q.0 15C.0 . 15C.0 15C.0
) ‘While the first bench or bottom lands were the first cultivated and rendered hi ghly productive by irrigation,

the second bench lands seem to be scarcely inferior to the former for fruit production, at least, when properly
irrigated. No. 130 was selected as a representative soil of this kind. Its potash percentage is rather low, but it
has a good supply of phosphoric acid and lime, and its easy tillage and great-depth, offsetting its somewhat low
retentiveness of moisture, render it a very desirable soil. Tt is to be regretted that no analyses of mesa soil from
the Los Angeles region are as yet available for comparison.

The Pomona soil may, judging from the great similarity of appearance, be taken as representative of a large

area of similar lands in the San Bernardino valley. The soil and subsoil are a good deal alike in composition.
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Both have a large supply of potash and lime, as well as magnesia, and both are poor in phosphoric acid, the
soil even being remarkably deficient, and the supply apparently increasing with the depth. The supply of humus is
very small, and its increase seems to be among the first needs of the soil. It must not be forgotten, however, that
the surface soil in these dry regions is really of less importance than the subsoil, in which the roots must remain
in order to be secure from the drought and heat, Bvidently such land, while capable of high ‘ylelds at first, will soon
need phosphate fertilizers for continned productiveness.

The mesa soil from San Diego is of excellent composition in all respects but that of being somewhat deficient
in humus, a fault easily remedied in cultivation. It is richer in both potash and phosphorie acid than the Lo§
Angeles soil, but its smaller proportion of lime @etracts somewhat from its advantage over the other. Considering
its great depth and its large supply of plant-food, it is certainly of high promise,and would amply repay any
reasonable expense incurred in its irrigation. Where cdonvenient, this soil, especially where it is of the heamer
kind, would he benefited by a moderate application of lime or marl.

The soil of the Oolorado river bottom is certainly a highly productive one, easily worked, and not liable in
case of overflows to suffer from wet, being quite light, notwithstanding its large percentage of alumina shown
by analysis. It is a highly calecareous soil, containing, as it does, over 16 per cent. of carbonate of lime, partly
in concretions, but mostly in a finely pulverulent form. Tts potash percentage is very high; yet there seems to be
no trouble from alkali, as the soda percentage is quite small. Its supply of phosphoric acid is fmr, though not
large for a bottom soil; the humus percentage is likewise small for a lowland soil, yet adequate. It is therefore
likely that whenever the water of the Colorado river shall be made available for irrigation these bottom lands will
yield rich returns for cultivation. Itis worthy of remark that in this case the whole percentage of phosphoric acid
is extracted with the humus, showing that it is entirely in the available form.

Alkali soils of the Coast belt—The level or gently undulating region lying adjacent to the coast, as before
mentioned, possesses u dark-tinted loam soil, characterized by a large proportion of glistening mica scales. The
higher portions of these lands are free from excess of soluble salts, but the lower lands or ‘swales” intervening, and
running usually down to the sea-shore, show more or less “alkali”, and will not grow some erops at all on that
account. Three samples of soil of this chmmcter have been sent for examlna.tlon, with the results given below:

Salty soil from the coast flat bebween Anahelm and the shore, sent by Mr, Charles D. Ellis, of Anaheim ; saidto be fairly representative
of the above tract, which is fiat, and appears to be underlaid by brackish water-at a depth varying from 4 to 6 feet. In low spots if is
often covered with a white crust, and seeds fail to germinate there. The soil is a dark-colored sandy and micaceous loam, with a well- -
marked saline taste. Qualitative analysis showed simply the ingredients of sea-water. There is therefore no antidote or remedy but
those usually applied to ceast marshes, and the term ‘¢ alkali” is improperly appled in this case.

Alkali s0il from near Corvallis, Los Angeles county, seht by Mr, 8. G. Balker, secretary, on behalf of ‘“New River Grange”, December
6, 1876. This soil is reported as occurring in streaks over a considerable district. ‘Nothing seems to grow on it exeepb salt grass,
Common mallows and corn will vegetate on it, but not matare. Fruilt trees rot ab the roots, and willows af the bark. Beets seem to
thrive wheun irrigated, but when not irrigated grow very small, thongh mueh sweeter than when irvigated. It appears to be the earliest
of our soils to get dry. 1 have subsoiled it 2 feet deep with little benefit. * * * A small pateh, highly manured with cow manure,
hasbeen greatly improved. Another small pateh, coated 4 inches deep with sand, will grow good corn,” Brackish water is found ab
the depth of 10 feet, and a plentifnl supply of good artesian water at 450 feet. ‘‘In most cases the land lies well for drainage.”

The soil as received is of a mouse color ; a light, sandy loam, glistening with particles of mica (as seems to be very generally the case

in that region). It yielded to water 1.62 per cent. of saline matter, which, in 100 parts, consisted of— .
Per cont.

Cliloride of 80Ainm (COMMON BAIE) . L eusven oot vcreeaes simeemaeacaaaasssesiamoecesnonanssiuassssssccosetsarrosvascannnsnsassnnnnre B2 87
Sulphate of sodium (CHauber's salt) 5L.19
Carbonato of sodium (88l 800R) cuieeeeavriuninoriirnenncmensanmorroccocnraasmosmammnaeinirataanan e o ememeseaecciiaceeiiiianaes 17.48
Sulphate of POLABBITI . «euuen et aiac i iaaa ot e dacimaasomease st e m s tam Ry aer e st mrn e nrasaananas e tnans 8.74
Plhosphate’of caleinm (Done PhOSPRALE) -« vouarnmmerane e mas cea ettt e sttt i tms e tthe e tae s s nenanae s ne s nna oo eee 0,51

T D P PR S 100,20

The amount of soluble salts in this case is very high, but probably represents the worst of its kind, taken from near the surface,
The neutralization of the sodic carbonate by means of gypsum would doubtless afford partial relief ab once.

Alkali soil Jrom Westminster colony, Los dngeles couply, sent in April, 1877, by Mr. W. G. McPherson, as chairman of a committes on
alkali soils appointed by Westminster grange. -A dark gray, rather sandy soil, ghstemng with partieles of mica scattered throughont the
mass. The letter accompanying this sample makes the following statements in regard to it: ‘“This soil is taken from Westminster, Los
Angeles connty, about 5 miles from the ocean, and near the center of a tract of about 30,000 acres now occupied by farmers; and there is
no farm of forty. acres but has some of this kind of soil, or something similar. * * * The sample sent is of medinum st.reugth, varying
from it both weaker and stronger. . * * * It isa little too strong for barley, but beets will grow on it under favorabls circumstances.
The subsoil is apparently the same, only growing looser (sandier) doswmward to the depth of from 4 fo 10 feet, where fough blue clay is
met with. Above this blue clay is permanent water (faintly brackish), snd below it, at a depth varying from 60 to 200 feet, is a bountifal
supply of pure artesian water. Now, if you can give us a remedy that will render this soil available, you will be conferring a benefit

upon'a large number of peopls.”
The partial analysis of this soil resulted as follows:
Soluble salts in the soil, 0,54 per cent, These salts were composed in 100 parts, of— Per cont.
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Carbonato of sodinm (sal soda) ........
Sulphate of potassinm...... .... Lpeeee
Carbonate of potassinm (suleratus)
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The high percentage of carbonate of soda in this alkali explains the energetic action of so small a percentage
in the soil. It was recommended that a dressing. of 900 pounds of land plaster per acre should be given before
rains or irrigation.  The following report is eloquent as to the results:

I took one-tenth of an acre of the same soil from which the sample came, irrigated it, then sowed 65 pounds of plaster, then plowed
6 inches deep and sowed 85 pounds more, then harrowed and planted with corn. Where the water sbood on top of the ground there is o
gond stand of corn, although, being the lowest ground, it was the strongest in alkali; but where the land was only sub-irrigated not
more than half of the corn came up. Ireplanted, and only half of that came up. The first planting is about a foot high and growing
vigorously, and Las & good color. I think the failure on the drier part was caused Dby thero not being sufficient water to bring the alkali
in contact with the gypsum. .This erop subsequently ripened well; and since then much experience of the same character has been had.
Of course the presence of water to enable the chemical reaction to occur is absolutely essential. The duration of the effect of a singlo
application will, of course, vary under different circumstances, and especially according to the nearness of the water-table to the surface.

HyDROGRAPHY.—In view of the fact that the availability of the agricultural lands of the region is entirely

dependent upon its topography and hydrography, a separate discussion of these, taken from the report of the
state engineer for 1878-'79, is here introduced:

The higher interior mountain range is drained by three prineipal streams, which break through the Coast or Santa Ana range with
independent ontlets to the sea; i. e., the Los Angeles, the San Gabriel, and the Santa Ana rivers. These are fed by numerous tributaries,
which join them before reaching the Coast range, bub in their further course to the sea they receive no important accessions to their
volume. During the rainy season these streams and their tributaries are (dangeraus torrents, sweeping down from the mountains in which
they rise inlarge volume and with great velocity, carrying a mass of bowlders and gravel far out into the valley. Theysubside as quickly
a8 they rise, and during the summer would dwindle to nothing, but that their supply is maintained by springs which appear in their beds
from hidden sources, :

The Los Angeles river traverses the San Fernando valley, emerging through & gap terminating the Santa Monica range, to the elty;
below the city the river bed is broad, shallow, and sandy, and only upon rare occasions does the water find its way entirely through
to the sea, but is absorbed by the thirsty sands. The streams thaib empty into the San Fernando valley from the Sierra Madre have & very
rapid fall, and, on reaching the valley, spread out into broad washes, whose beds are compoged of bowlders, gravel, and coarse sand. In
floodl they flow ontirely across the valley to the Lios Angeles river, but in summer the water harely emerges from the mountains and sinks
from sight in the porous channels, The lands irrigated from this river are confined chiefly to the vicinity of Los Angeles city.

The water of San Gabriel river, except in flood, is seldom more than sufficient to fill the two irrigating ditches of the upper distriet,
which head directly at the mouth of the cafion and divert all the available supply, leaving the broad rocly Led of the stream entirely
dry for 10 or 12 miles, when the water begius to reappear in the channel a short distance helow the bridge of the Southern Pacific railroad.
At this point the river has two distinet and diverging channels from 1 to 5 miles apart, having independent outlets to the sea. In ench
of these channels there are numerous springs, the water rising at a number of points along their course, forced to the surface Ly the
impervious substratum of clay underlying the whole valley at a depth of a few feet. I'rom these springs is derived the supply for the

-elaborate system of ditches in the low San Gabriel valley.

The Santa Anariver emerges from the mountains throu gh awild and precipitous cafion over a bed of loose howlders, in which the greater
portion of its volume is lost before reaching the valley. A few miles lower down the water Degins to rise, but is diverted by an irrigating
diteh, leaving a dry bed for 4 miles to the mouth of Warm creek, where the river receives a fresh supply from the cienegas (a) of San
Bemardino basin. Thence to the Coast range the bottom lands are saturated with a succession of eienegas, which drain into the river.
Between the Coast range and the sea the river supplies water to several large canals which head near the hills, the river itself spreading
out into a broad bed of quicksand over 1,000 feet wide. ’

The cienegas of these two valley regions are an important feature with reference to their system of irrigation. They often cover
many acres pf land each, and have a thin layer of peat or moss, sometimes several feet thick, over the bed of gravel. This peab prevents.
the free flow of its waters, and blind-drains and artesian wells have heen resorted to in order to increase the supply of the latter.

The supply furnished by these springs is mnell more constant and reliable than that of the natural surface streams, and, at a timo
when irrigation is most needed, is probably greater than that from any other source. In the series of springs which appear along the rim
of the platean between Arroyo Seco and San Gabriel river, furnishing water for the ivri gation of the far-famed orange groves and vineyards
of the “San Gabriel fruit belt”, there are no less than 18 distinct cionegas in o distance of 8 miles, cach covering from 1 to 40 acros of
ground and supplying water for irrigating from 20 to 400 acres each. '

In the eenter of the city of Los Angeles, on each side of the river, on the lower bottoms, are cienegas which afford considerable water,

+the supply appavently coming in from other sovrces than the percolation from the stream. West of the city, at the foot of the low hills,
next the sea-coast, there are large ciencgas covering several undred acres, from which issues Bellona creek. Near Pomona there is quite
a large clenega, which supplies water for 440 acres; total volume, about 3 cubic feet per second, The cienegas of San Bernardino basin
are the largest of any in the southern country, and furnish the greater portion of the summer supply of the Santa Ana river. The two
principal ones are near the town of San Bernardino, and cover an area of over 300 acres each. Opposite Rivergide, in the bottom lands of
the river, are other large oiencgas, adding from 25 to 30 cubic feeh per seeond to the volume of the stream.

The streams and cienegas are so inseparable that it is impossible to estimate the duty done by each. In the coast valley thers are
wmany large cienegas, which, aside from those of Bellona creel and the San Gabriel river, are not used for irrigation,

Ariesian wells.—The third great source of water supply for irrigation is derived from artesian wells. The greatest artesian Tslt in nll
southern California is that running through the coast valley of Los Angeles, having o length of 40 miles and a width, as at present
explored, of from 2 to 12 miles, the total avea being about 300 square miles. Therivers mentioned cross the belt on their way to the sea, and
the fucet that the wellg having the strongest flow are adjacent to the channels of these streams seemns to indicate that the water supplying
these wells is that which has disappeared from the streams ahove and percolated between impervious substrata at an elevation sufficient io
give the head or pressure by which it isforeed again tothe surface through the outlets furnished by the perforations. The depth of the wells is
rom 50 to 550 feet, the usual depth being from 150 to 200 feet. The number of wells in the belt is over 500, and the greatest discharge is
about L7 eubic feot per second ; some of them irrigate from 100 to 200 acres each, though a well that will irrigate 40 acres is considered a good
one. It is found that as the number of wells ig inerensed the flow of all is diminished, showing thatthe supply is comparatively limited.
Some of the wells on the higher land have since gone dry or ceased to flow; others flow only in spring fime. Another natural effect has

a Cienega is o Spanish term locally applied to a swampy or boggy ground caused by the rising of subterranean waters to the
surface. The word cienega always implies a spring and the marsh or moist land surrounding it, for which it is almost exclusively used
in this séction of country, ' . ,
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_ been noticed in some parts, that, since the boring of so many wells, the level of the surface water in the adjacent country above has
gradually lowered ; some of the cienegas on higher levels have also diminished in their flow. Flowing wells have also been obtained in
other loealities north of Los Angeles, and in the upper San- Gabriel valley as well as in the San Bernardino basin. The depth at Pomona
is about 160 feet, and the temperature of the water is 67°, winter and summer alike, while that of other wells in this soutbern region is but
62° F. . A singular fact in connection with the Pomons wells is that by eapping or uncapping any one of thom the flow of the others is
increased or diminished with regular pulsation. .

In the San Bernardino basin artesian wells are bored rather for domestic use and small garden irrigation than for gencral agricultural
purpuses. The area in which flowing wells have been obtained, as at present defined, is confined to about 30 square miles, within which
are thoe large ciencgas and sources of Warm creelk. '

The natural gate, outlet, or drainage of the valley is inits southernmost portion, where the Santa Ana river passes hotween two
bLills of limestone, or rather what was once apparently one hill, since cut through. At this point the *“bed-rock” is near the surface, forming
the valley of San Bernardino inte a complete and large catchment Dasgin for the water-shed of a very large area of country, the main’
channel of drainage being the Santa Ana river. The soil of the valley, as far as plerced by artesian borings, shows it to be mainly
granitic in character, stratified by alternate layers of clay, evidently swept in from the country east and south.”’ Borings to a depth of
150 and 200 fest frequently pioree a bed of vegetable mold, proving that the valley has been filled up by gradual erosion of the snrrounding
hills. The estimated number of wells is from 400 to 425, and their diameter from 2 to 8 inches, thatb of the greater number being 2 inches.
The shallowest wells are 80 fect, the deepest flowing wells 380 feet, the average being about 160 feet. The deepeat well in the valley is
410 feet, and has a diameter of 7 inches. Vegetablo matter, consisting of decayed tule roots and pine wood, was bronght up from the last
60 feet.

THE DESERT REGION.

The area included in the desert region is nearly 35,000 square miles, embracing the largest part of Inyo, the
southeastern and northeastern corners of Kern and Los Angeles counties respectively, all of San Bernardino except
the southwestern corner, and nearly all of the eastern half’ of San Diego county.

This desert, known as the Colorado desert or basin, reaches far eastward into Arizona. On the west it abuts
against the foot of the high Sierras, and on the south against that of the San Bernardino range of mountains, both
rising thousands of feet above it. The larger part of its surface, as a plateau skirting the foot of the mountains,
lies at an elevation of 2,000 feet above the sea, and is comparatively level, though broken frequently by isolated
short ranges and peaks rising a thousand feet or less above it. In its center there is a large area which is not more
than 1,000 feet above the séa, and in Inyo county a still smaller region, known as Death’s valley, sinks to some
hundreds of feet below the sea. Coahuila valley, or that portion of the desert included between the two prongs
of the mountain range on the south, is mostly below 1,000 feet in elevation, a large portion sinking helow the sea,
Dry lake, near Dos Palmas station, on the Southern Pacific railroad, being said to be some 500 feet below this level.
Phere are scarcely any streams through the desert; except along its border, where they flow from the adjoining
mountains and soon disappearin the sands. Mojave river, which gives its name to the northern desert region, is the
largest stream, but after flowing from the San Bernardino mountains for a short distance ont into the desert it
suddenly disappears. The desert is described as a sandy barren waste, interspersed with salt lakes and alkali
tracts, destitute of all timber growth except occasional tracts of yucea, small nut pines, and juniper. It is,
especially on the south, subject to very frequent and severe sand-storms, which not only cover the lands of the
region with deep and shifting deposits of sand, but often blow through the passes, and, with their lighter sands,
greatly annoy the people of the agricultural valleys on the west side of the mountains.

A fow miles sonthwest from Dos Palmas there is a broad valley, bounded by ranges of hills of hard-baked red clay, called the
Chocolate and Coyote mountains; and in this valley is the dry bed of a lake 40 miles in circumference, which is nearly 60 feet helow
the level of the sea. This great basin s separated from the dry beds of a number of creels which appear to have once been connected
with it by a level plain about  miles wide. Nearly in the center of this plain there is a lake of boiling mud, about half a mile in
length by aboub 500 yards in width. In thig curious ealdron the thick grayish mud is constantly in motion, hissing and bhubbling, with
jota of boiling water and clouds of sulphurous vapor and steam Dhursting through the tenacions mud and rising high in the air, with
veports often heard a considerable distance. The whole district around the lake appears to be underlaid with this mud, as it trembles
under foot and subterranean noises ave heard in all directions, Hot springs and sulphur deposits are numerous for many wiles around
this lake.—Natural Wealth of California.

DEATE’S VALLEY.—The following is taken from Cronise’s Nutural Wealth of Califernia:

This valley, according to observations made by a party of tho United States boundary commission in 1861, is sunl 400 feel below
the level of the sea, while but 70 miles west of it are clustered a nunber of thehighest peaks of tho Sierra Nevada, many of which are from
12,000 to 15,000 feet in height. For 45 miles in length and 15 miles in width along its centor it is a galt margh with a thin layer of soil
covering an unknown depth of soft gray mud, alarge portion of the basin being covered with an incrustation of salt aund soda several inches
thick. The surface is usually so soft that a man canziot travel over it in winter without difficulty, it being impossible for animals at any
season to oross it.  With the exception of a few clumps of worthless shrubs near its borders, this plain is destitute of even the slightest
traces of vegetation. The valley is encircled by @ barren sage plain from 3 to G miles wide, which, beginning at the base of the

mountaing that surround it on every side but the south, slopes gently to its margin. A few mesquite trees grow among the sands ab the
head. The heat of the valley is fearful during the summer, ranging from 110 to 140 degrees during the day. When thers is no breeze
through the long cafion the air becomes so oppressive that respiration is painful and diffienlt. At a point about 30 miles north of Death’s
valley the Amargosa river, a stream of small volume but great length, takes its rise, and, flowing southeast for more than 100 miles,
malkes a detour when far out on the Mdjave desert, and, bending round to the northswest, runs in that direction about 40 miles, when,
having reached the gouthern end of this arid plain, it finally disappears. )
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Soils of the Mojave desert.—Ascending the mountains from Kern valley near Bakersfield through the Tehachapi
pass, we emerge upon the western part of Mojave desert, a plain-like basin surrounded by mountains and more or less
traversed by rockyridges. In crossing this basin by rail during the dry season the traveler is generally impressed with
the idea of hopeless aridity, which is scarcely relicved by tlie only tree-growth visible from time to time; viz, the
yucea (here commonly bub erroneously named “cactus”), whose. awkward branches, terminated by tufts of rigid,
lance-shaped leaves, impart rather a weird aspeet to the landscape, and seem as uninviting to the agriculturak
prospector as the clouds of dust and sand that whirl about the train. But while it is true that there are some
portions of this region whose deep sand beds seem to consign it to the true *desert land” class, there are other and
very extensive tracts, having a soil of considerable native fertility, whose powers only need the life-giving agency
of water to transform the desert into luxuriant fields and gardens. That this is so has repeatedly been shown by
actnal experiment at points where water wasg available. This is not at present the case ati the railroad station of
Mojave; hence the quality of the soil has not been tested by actual trial, but its appearance indicates a substantial
nature where i is not covered by sand drifts. It seems to be directly derived from the surrounding mountains,
along the base of which such soils seem to form a kind of marginal bench,

No. 332. Surface soil of the Mojave desert, taken near Mojave station, Kern county, by N. J. Willson, of the
Central Pacific railroad, to the depth of 12 inches. A moderately heavy, dun-colored loam, with little coarse
sand, containing siliceous and other rock fragments; slightly effervescent with acid, somewhat ¢ sticky” when
wet, and its color little chahged. It would evidently till quite readily, but no eultivation has been attempted thus
far, The vegetation is sage-brush, creosote plant, and a little grass. ’

.
i

Soil from Mojave desert, Iern county.

No. 332.
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The analysis of this soil shows clearly that it is not inferior in productive capacity to some of the soils of the
great valley, which it greatly resembles, save in the scarcity of humus or vegetable matter. Its supply of lime and
potash is high, while that of phosphoric acid is low, but not more so than in some very productive soils of the valley.
The scarcity of humus is the defect which it would be most needful to remedy, and this probably is best remedied
by turning in a crop of alfalfa, which there could be no difficulty in growing where ;irriga,tion is available. Theve
are doubtless many tracts where even this defect does npt exist, since they are covered with a densg growth ef
small shrubs, under which grasses flourish in good s'easons, giving pasture to sheep. Irrvigation is here the all-
important’ question, since the natural rainfall of about four inches, sometimes reduced to one or two, cannot be
relied upon for any purpose. Only a détailed survey, however, can determine the ,tracts having an arable seil as
against those overrun by arid sand. \

THE COAST RANGE REGION,

The country Iying between the great valley and the sea-coast is, on the whole, & mountainous ene, traversed
by many more or less disconnected ranges, usually trending parallel to or at a small angle with ‘the eoast. I'rom
Mendocino county, inclusive, southward to the northern end of the San Bernardino range, few points or crests
exceed the height of 4,000 feet, and most of the higher ranges remain between 3,000 and 3,600 feet. Many of these
are very rugged and barren and largely treeless. Of the lower ranges up to 2,000 and even 2,500 feet many are
rounded in outline, deeply covered with soil, and, in the moister portions of the region, susceptible of cultivation
to their summits. These in most -cases are at the present time occupied: only as grazing grounds, the bulk of

cultivated lands lying in the numerous valleys interspersed between the ranges and on the lower slopes..
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THE BAY COUNTRY.—A somewhat detailed description can alone convey a good idea of the various sections
of the Coast range; but there is one prominent feature requiring notice at the outset, viz, the break cansed by the
drainage outlets of the great valley, Suisun bay, Carquines straits, and the bays of San Pablo and San Francisco,
with their final outlet through the ¢“Golden Gate”., This “bay region” constitutes a climatic as well as a .
hydrographic and a topographic feature; for, insignificant as the break formed by the Golden Gate may seem, it
modifies profoundly the climate of the country lying adjacent and opposite to it, not only by the influence of its
cool tide-water, but as well by the correspondingly cool lower air-currents sweeping through it almost throughout the
season, and carrying with them both the temperature and the moisture of the ocean, both modified by the cold
Alaskan current. In summer the river of fog, a mile wide and from 600 to 1,500 feet high, may be seen flowing in
steadily through the Gate in the afterndon, first submerging the city of San Fraucisco, and then broadening and
sending off’ branches right and left up and down the bay, and toward evening reaching the opposite shore, where
the Contra Costa range forms a barrier for a time. Eventually this is surmounted, and finally the cloudy ocean may
reach as far as Mount Diablo, where it dissolves before the dry air of the great valley. The direet influence of this
eurrent extends about 10 miles each way on the opposite shore, causing an exceptionally low summer temperature,
which fails to ripen the grape and the fig. On the western shore of the bay the ranges of the immediate coast form
a barrier not surmounted by a considerable proportion of the summer fogs, under the lee of which a warmer summer
temperature prevails on the bay-shore slopes of the counties of San Mateo and Marin, as well as on both shores of
the southern portion of San Francisco bay toward San José. The cold currents strike across San Pablo bay into
the lower part of Napa and Sonoma valleys, but are chiefly deflected so as to form a steady and sometimes hard
“hlow” through the straits of Carquines, beyond which they enter the great valley and form, as before stated, the
regular ‘“up-valley” winds of that region. .

The features of the immediate bay country are in many respects so peculiar that, although in the subdivisions
according to rainfall (given on page 12) it is copjoined with a portion of the coast region lying northward and
southward,continuity of description renders it desirable to consider the rest of the Coast range in divisions lying
north and south of the bay counfry proper. . :

The western shores of the bays near San Francisco, and around San Pablo bay to Petaluma creek, are rather
abrupty with but little valley land lying back of it in the broken country, in which mount Tamalpais forms the
highest point and falls off southward to the “north head?” of the Golden Gate. Around the outlets of Petaluma,
Sonoma, and Napa creeks there is a considerable tract of marsh or “tule” land, but Mareisland and Carquines
straits fall off into rocky precipices, and on the Contra Costa shore the railroad winds laboriously-along the base of
low but rugged escarpments until it reaches the lower end of San Pabloe bay. Iere, back of the bold promountory
that narrows the passage into San Francisco bay, begins the sloping plain and in part the marsh belt that
skirts the eastern bay shore from San Pablo to San José, forming, with the corresponding plain lying sonth of San
Trancisco on the western shore, an important and thickly populated agricultural region. Opposite San Francisco
this slope is about 3 miles wide, falling about 300 feet from the foot of the Contra Costahills. Southward it widens
to 7 or 8 miles on either ghore, a tide-marsh belt of varying width skirting the bay shore, and the two belts, finally
uniting at the lower end of the bay, form the broad and fertile Santa Clara valley, so noted for its charming
climate and the production of fruit and wines, Here the summer fogs, having to surmount the high coast mountains,
are much diminished both in frequency and in coolness, and the vine, fig, and almond attain great perfection.

The soils of this bay coast are substantially of three kinds. Immediately along the shore lies a narrow strip of
sandy land, sometimes sand drifts, which influence more or less the character of the adjacent marshes; most of the
soils of the latter, however, are heavy, and when reclaimed are very productive. Inland of these lies & broad belt of
Dlack, caleareous, and very fertile adobe or prairie soil, somewhat refractoryin tillage, which toward the footof the hills
often becomes yellow and relatively poor. This adobe belt is interrupted Ly the sediment lands of the streams
flowing from the Coast range to the bay, which are generally light and often of considerable width, although few of
these streams are now of much importance, but the frequent shifting of their channels in past times has increased tho
alluvial surface.” These sediment lands, frequently, of course, passing gradually into the adobe proper, are noted
for their productiveness, and furnish much of the market supplies of the two cities in fruits and vegetables, but arve
more especially noted for the high quality of brewing (Chevalier) barley produced on them. Sugar-beets likewise
succeed well, but cotton fails to mature its bolls within reach of the coast fogs. -

The range skirting the eastern shore, commonly known as the Contra Costa range, though traversed by some
abrupt caflons, has largely rounded crests and snmmits and gentle slopes with deep and in part very productive
soils, now largely used for grazing purposes only, but susceptible of cultivation to the top. lixtensive plantations
of eucalyptus trees are beginning to be made on this range, and succeed admirably. They originally had some

‘redwood timber, and have now in the cafions and on the northern and eastern slopes not inconsiderable bodies of
live oak ( Q. agrifolia), madrofa (Arbutus Menziesit), laurel (Umbelularia Californica),and buckeye (Hsculus Californica);
on the banks of streams the Western alder (Alnus incane) and maple (Acer macrophylium), the buckthorn (Frangula
Californica), with more or less undergrowth of hazel, poison-oak, bramble, and others, and much eagle fern (Pleris
aquilina). ' '

703



46 ' COTTON PROvDUCTION IN GALIFQRNIA.

Thermal belts.—Among the climatic peculiarities belonging more or less to the whole state, but more especially
pronounced in the valleys opening toward the bay, is the occurrence of “thermal belts”, or minor regions exempt
to a remarkable degree from the severe frosts of winter, but more especially from the later ones of spring; which
are so dangerous to fruit about the time of bloom. These usually occur between 100 and 800 feet above the valleys,
varying of course with the trend and exposure to the coast winds, The difference in temperature at sunrise between
these beltsand the valleys sometimes amounts to as much as 100 F., whieh, in a region where the thermometer rarely
falls below 269, of course implies a very material difference in the chances of such fruits as almonds, apricots, and
even the vine, and in many cases permits of the successful culture of semi-tropical fruits, such as the orange,
lemon, pomegranate, etc. Thus the latter are successfully grown, e. g., in certain valleys near Martinez, Contra
Costa county, within 2 miles of the cold blast that sweeps throngh Carquines strait. Similar cases ure frequent
in the valleys of Napa and Sonoma, a striking example being that of the Vacaville fruit belt, in Solano county. In
the Santa Clara valley the culture of the almond follows narrowly a similar warm belt.

COAST REGION ROUTH OF THE BAY COUNTRY.

That part of the coast region lying south of San Pablo bay to the southern region has an average width of
about 60 miles, and covers an area of about 18,350 square miles. Lying between the coast and the great valley
region on the east, it embraces within its limits the entire counties of Contra Costa, Alameda, San Francisco, San
Mateo, Santa Clara, Santa Cruz, San Benito, Monterey, San Luis Obispo, Santa Barbara, and Ventura, and the
western portions of Stanislaus, Merced, Fresno, Tulare, and Kern.

The surface of the entire region is mountainous and hilly, and is bordered on the east by a continuous range having
an average elevation of about 3,000 feet above the sea, the highest probably of the region, reaching from Suisun bay
southeastward through the state, and forming a long and rather wide barrier between the great valley on the eastand
‘the somewhat lower mountains and valleys of the central and western portions of the region. Westward from this
range, which iy often known as the Mount Diablo range, from the prominent peak of that name on the northern
extremity, lie other mountain ranges of nearly or quite the same altitude, forming the appearance of long offshoots
toward the northwest, each having a distinet name, and sinking on either side into the lower ranges before reaching
the coast. The trend of the mountain ranges is thus usually northwest and southeast, and the courses of the rivers that
drain the valleys between the mountains are northwestward into the ocean, except in the extreme south, in Santa
Barbara and Ventura counties, where their conrse is mostly westward. These ranges are mostly destitute of trees,
except scattered bodies of chaparral and sometimes other growth, and are partly too high and rocky for cultivation,
being chiefly used for grazing purposes. The Contra Costa range, the first of the minor ranges (though not so high
as the others) on the extreme north, abuts against the shore line of San Pablo bay, and, reaching southwestward,
separates San Ramon and Livermore valleys from the ¢“plain of Alameda”, which borders the bay of San Francisco
on the west. The range is broken by deep ravines and calions, and is nearly treeless on the west and south slopes
{(exeept in the cafions, where there are clumps of oal, laurel, madrone, ete.), while on the east and north there is an
abundance of live and white oaks, maple, etc. This range properly includes the higher Mount Diablo range on the
-east, with which it unites south of Livermore valley. Mount Diablo itself is an isolated peak, rising 3,896 feet
above the sea, its summit rounded and its slopes nearly treeless, except in the ravines, where there is fonnd a varied
growth, with chaparral of serubby oaks in the higher region. ‘

The next ranges of note on the south are the Gavilan and the Santa Cruz ranges, apparently originally
continnous, but now cut in two by the Pajaro river. The Gavilan range reaches northwestward from the southern
part of San Benito county, separating that county from Monterey on the west, while the Santa Cruz range separates
Santa Clara county from Santa Cruz and San Mateo. Both ranges rise to elevations of 3,000 feet, and are in part
too high for any purpose except that of stock-raising. The Gavilan mountains are partly timbered with pine, except
in the highest portions, which are rough, broken, and mostly destitute of trees. The Santa Cruz mountains are
mostly heavily timbered with redwood and oaks, the redwood forest occupying a not inconsiderable area on the
seaward side of the mountains, reaching in available masses as far north as Redwood City, many of the trees
attaining a height of 200 feet or more. Scattered redwoods also originally dotted the ranges around and opposite
San Francisco, but oaks alone now remain. On the east of the range is Santa Clara valley, and on the west are the
Pajaro and the Salinas valleys, the most important as well as the largest of the region. Lying still further south
is the Santa Lucia range of mountains, the most extensive of the offshoots, reaching from the main range, in the
southeastern part of San Luis Obispo county, northwestward through Monterey to the coast. Its average width
is about 30 miles, rising almost throughout its length into central elevations of 3,000 feet and more. The mountains

~are in places heavily timbered on their lower slopes and in the cafions with Monterey pine, cypress, and redwood.

Between this range and that bordering the San Joaquin valley are the high valley lands of the upper Salinas
river and its tributaries, reaching northwest into Monterey county, and opening out through narrow defiles into the
broad Salinas valley proper. On the west of the Santa Lucia range the high hills reach either abruptly to or
withinl & short distance of the coast, the small streams usually agcompanied with valleys of gréziter, or less width.
Still southward, at the junction of the Sierra Nevada mountains with the Coast range, we find a broad and extensive

region of high mountains, the Sierra San Rafael, in the eastern part of Santa Barbara and northern part of Ventura
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couaties, merging on the southeast into the San Bernardino range. The mountains are here cut into by the narrow
Soledad pass (through which the Southern Pacific railroad has found a road-bed), which connects the Mojave desert
with the cafions of the headwaters of the Santa Clara river, lowing westward to the ocean, the pass and the river
valley thus forming a convenient east and west line of separation between the southern region and the Coast
range division, .

Near the coast, in the southern part of Santa Barbara county, and extending eastward from point Concepeien,
there is a small but rugged range (the Sierra Santa Inez) from 2,000 to 3,000 feet in altitude, its trend nearly
coinciding with that of the Sierra Nevada where it joins the Coast range.

TEE CoAsT.—The coast line presents a very irregular contour, often deeply indented with bays, and throughout
its length rises, usually quite abruptly, from the water’s edge to elevations of 1,000 feet and more, the rocky prominences
frequently projecting far out into the ocean. Its chief indentations are the bays of Monterey, Santa Monica,"and
San Pedro. : ‘ )

The general direction of the coast line is southeastin a direct line for a little more than 200 miles, thence
southward for 100 miles to point Ooncepcion, the weather divide of the southern Coast region, where it suddenly
strikes due eastward almost at right angles for more than 100 miles, finally rounding back to its southeast conrse
to the limit of the state. ‘ : L

The rugged and hilly character of the coast is only occasionally relieved to any extent by level and tillable
lands, except where the larger streams, especially the Salinas and the Santa Olara, have found their way to the
~ ocean, producing broad areas of delta or alluvial land with the sediment brought down from the mountains.

The lands suitable for cultivation, and comprising, too, the only populous portions of the region, are the
valleys that lie between the mountain ranges and skirt the streams, and also the foot-hills and lower ridges that
are not too broken and rocky. TFrom the coast these valleys rise in elevation and become more and more narrow to
the cafions of the higher mountain ranges, through which their rivers have cut their way, and beyond which there
are frequently other and higher mountain valleys of greater or smaller extent. .

On the north of point Concepeion the river valleys have a trend southeastward from their outlet, while in the
region of point Concepcion and southward the trend is eastward from the coast.

A description of the coast region is best given by taking the valleys consecutively. Beginning at the north,
the first in order are— '

SAN RAMON AND LIVERMORE VALLEYS.—San Ramon valley, lying between the Contra Costa range on the west
and the Mount Diablo range on the east, opens northward into Suisun bay, and with a width of about 6 miles reaches
south for 15 miles, where it becomes very narrow, finally opening out into the extensive Livermore basin or valley
in Alameda county. The valley is dotted with scattered oaks, and its soil is largely a stiff adobe, in many places
exceedingly black and waxy, which yields under cultivation about 30 bushels of wheat per acre. The soils around the
base of Mount Diablo are partly reddish and partly gray, often gravelly loams. The valley is watered by streams
flowing northward into the bay, and a number of small valleys connect with it on either side. Livermore valley, on
the south, is about 14 miles long east and west, from 5 to 8 miles wide, and is surrounded by rolling foot-hills and
mountains, from which other valleys open into it. The north and east part of its surface is a plain, the south and
west part a region of rolling hills, and all is dotted over with oak trees and watered by numerous streams, timbered
with sycamore, and tributary to Alameda creek, which flows westward into the bay of San Francisco through a
eafion in the Coast range. The soil of the valley plain is dun-colored, with a pale yellow loam subsoil, often
grawelly, more especially near the water-courses, the beds of which in summer appear filled with gravel only,
although water is mostly found beneath. The soil of the rolling lands is mainly a red, often clayey loam, which also
forms the subsoil where the surface soil is dark colored. ‘

SANTA OLARA VALLEY.—This valley, with its adjoining foot-hills, is one of the most important agricultural
districts within the limits of the Coast Range region. Its entire length is about 70 1miles through Santa Clara into
San Benito county, and its width at the bay of San Francisco, where it conneets with the Alameda plain on the one
side and that of San Mateo on the other, is about 20 miles. Eleven miles south of San J osé this valley suddenly
narrows to about 100 yards, but again opens out to several miles until the Pajaro river is reached, whose valley

wesbward is a connecting link with that of the Salinas river, in Monterey county. Trom the Pajaro southward for
several miles beyond Hollister the width is about 12 miles, and the valley terminates or rises to a rolling plateau or
bench land, which reaches across it, and is known as Poverty hill or Hollister valley. Still southward the valley
region becomes more and more narrow and elevated, and is rarely over half a mile wide.

This Poverty Hill region is treeless, and its soil is an adobe, covered in the depressions of its surface with a
silty loam, and underlaid at about 4 feet with a clay that is more or less alkaline in character. The lands between
Hollister valley and the Pajaro river are partly adobe and partly a sandy loam,

_ In the broad valley north of this, in Santa Clara county, the surface is undulating, with low, rounded hills, and
is dotted with clumps of oak. The land of the lower or nortliern portion near the bay is mostly black and stiff
adobe, with some salt or marsh lands in the region of Alviso, near thebay. The higher lands of the valley are &
lighter sandy loam, gravelly on the east and west, while those of the hills on either side are a cinnamon-colored loam,
with a reddish-brown subsoil, well adapted to grape and fruit culture.
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The areaof the valleyis almost all improved, and most of it is under cultivation. The crops comprise wheat, barley,
eorn, potatoes, and vegetables, and the yield of the black lands is said to be from 35 to 40 bushels of wheat per acre..
Dairying is also carried on to alarge extent. Grape and fruit-growing, including also figs, olives, and almonds, forms
the prominent pursuit in the neighborhood of San José. The almond in particular succeeds in many favored
localities of the ¢ thermal belt” of the mountain sides that is protected from the direct impact of the coast winds
and is sufficiently elevated above the valley to escape passing frosts.

" The climate of the valley, as co;npared with that of San Francisco, is greatly tempered by the intervention of”
the Coast range betwee.n it and the sea, rendering summer fogs much less common, and thus permitting the ripening
of many fruits that cannot be successfylly grown nearer the Golden Gate. The same causes render the milder and
warmer climate of the Santa Clara valley a health resort from the harsher atmosphere of San I'rancisco.

Cotton culture has not been fairly tested, but it is not, on the whole, likely to be successful 80 nearly within.
reach of the coast winds.

SATINAS VALLEY.—Reaching southeastward from Monterey bay for 90 miles, with a width of from 8 to 12 miles.
for the first 50 miles, is the Salinas valley. This valley is watered by the river of the same name, and inland becomes.
very narrow, rising rapidly in elevation to the mountain eafions in the southern part of the county, and through them
connecting with the mountain valleys in the central part of San Luis Obispo county, in which the river takes its:
rise. The surface of the lower valley presents a terraced and almost treeless plain, the only growth being somelive
oaks on the northeast and sycamore along the river. The alluvial bottom lands are from one-fourth to one-half a
mile wide, and arebordered by a somewhat higher terrace of adobe bottoms from 1 to 2% miles in width. West of
Salinas city there is alarge tract of hog-wallow lands, embracing also & number of small tule lakes. The Salinas
river flows mostly on the west side of the valley, a region of mesa lands lying between it and the Santa Lucia,
mountains still to the westward.

On the eastern side of the valley the adobe bottom lands are bordered by a sharply-defined terrace 11 feet
higher, rising gently against the Gavilan mountain range. The surface of this terrace is rather rolling, and its;
soils are coarse, red, and gravelly, affording excellent farming lands where protected against the high winds that:.
sweep in from the ocean every day during the year, and against which a person is said to be scarcely able to stand:
at times, the stock taking refuge in the thickets along the river. The valley is therefore chiefly used for stock-.
raising, very little farming being done. The higher connecting valleys on either side have mostly dark loam or:
adobe soils, and are partly under cultivation.

On the north, after passing a region of low, sandy, and treeless hills, the valley i3 connected with Santa Clara.
valley by the Pajaro valley, a heavy grain-growing region, which borders the river of the same name, reaching-
eastward from the coast. 'This valley is from 6 to 8 miles wide and its surface quite level, and embraces three varieties
of soils: dark loam lands of the plains, adapted to wheat and barley ; adobe lands, comprising one-third of the river
bottoms, and lying saveral feet below the plains; clayey loams of the bottoms, known as the sugar-beet region. The-
valley is bounded on either side by a range of smoothly-rounded hills, those on the south being mostly too broken
for cultivation. The smnall valleys between these hills are mostly swampy, with either tule or willow, and often
hold small lakes or ponds of water. '

The mountain valley region of San Luis Obispo county is watered by the Salinas river and other smaller
streams, and presents a series of low, rolling hills, with intermediate valleys having separate names. The Salinas.
valley is, however, the chief one of this region, and is about 9 miles wide, with an elevation of about 1,000 feet above
the sea. On the southeast it rises into a level plateau some 300 feet above the valley proper, and soon terminates;.
its lands are mostly adobe. There is but little timber. The bottom soil along the streams is chiefly a dark loam,
while that of the upland or valley is mostly & stiff clay loam, usually reddish, more or less gravelly, easily tilled,
and interspersed with some adobe tracts. This entire valley region is principally a stock range, though some of "
its lands are under cultivation. Paso Robles springs, a noted health resort, is situated in the northern part of”
the valley in a plain of about 10 square miles, and is surrounded by a grove of live oaks. ‘

OTHER VALLEYS.—Along the coast in this county there is a series of valleys and plains which are separated
from the immediate coast line by a chain of hills and watered by streams which are lined with cottonwood, sycamore,
laurel, and live oaks. Their soils embrace the dark loams of the bottoms and the dark sandy or reddish loams of”
the valleys resting on heavy clays. The soil of the hills is lighter and gravelly.

Still southward the valleys of the Santa Maria and Santa Inez rivers are respectively about 10 and 2 miles
wide and 30 long, each reaching the coast through narrow cafions, and having a greatest width about 15 miles.
inland. The Santa Inez valley was originally timbered with oaks. Its surface presents a series of terraces of 25,
. 45, and 95 feet, respectively, above the river. ‘ : '

The Coast region east of point Coneepecion embraces two valleys or terraces, an upper and lower, varying in
width from 2 to 6 miles. The immediate coast line forms at first a terrace about 80 feet high, sinking at Santa.
Barbara and eastward to the Ventura line to a lower level. The upper valley, known as the Santa Barbara plain,.
is about 300 feet above the sea. The soils of these coast valleys, both on the east and north of point Conecepcion,.

are sandy loams, while those of the higher altitudes are largely adobe in character.
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In Ventura county the Santa Clara and Buenaventura rivers are also bordered by narrow valleys, that of
thelatter river being about 30 miles long by about one-fourth of a mile wide and havingsandy soils. The Santa Clara
valley, which is sandy and very narrow from its source to Santa Paula, then widens grhdually, until within 12 miles
of the coast it suddenly expands into the Saticoy plain, widening to about 16 miles on reaching the coast, from
the town of San Buenaventura on the north to that of Hueneme on the south. The northern portion of this fine
agricultural region is largely an undulating upland with a yellowish loam soil; the southern constitutes a kindof delta
of the Santa Clara river, its soil near the latter being a dark gray silty loam of gréat depth and fertility (see analysis
below), remarkable for its retention of moistire near the surface, and noted for its high production of ecorn and beans,
ag well as its special adaptation, inland, to the European walnut. The mountain valleys have mostly adobe soils, and
those whose altitude is less than 2,000 feet are partly under wheat culture. Of these the Ojaiis the most important.
Its lower portion has a dun-colored loam soil, timbered with white oak and very productive ; but from this there is
a sudden ascent of 500 feet or more to the upper valley, the soil of which is mostly a rich black adobe, producing
enormous crops of wheat,

OHARACTER OF SOIL&.~—The characteristic reddish gravelly soils of the southern region extend to the sea-shore
near Santa Monica and southward wherever there is a bluff bank, while where the surface descends more gently
‘there are, as in the Westminster and Anaheim region, coast flats several miles in width, in which the soil is a dark-
colored sandy loam, glistening with scales of mica, and more or less affected with alkali in the lower portions.
Similar soils, in tracts of greater or less extent, are found up the coast as far as Santa Barbara at least. None of
these soils have as yet been analyzed, except with respect to the alkali salts sometimes present in them, which
at times are purely saline, at others strongly alkaline, from the presence of carbonate of soda. (See ““Alkali soils
of the southern region”, page 41.) As a rule, these sea-shore lands are very productive. ‘

The valleys of the seaward slope of the Coast range have mostly gray, light, and silty, rather than sandy soils,
and are quite similar in appearance from Ventura to Humboldt county, though differing considerably in composition,
those of the southern region being more calcareous, and apparently richer in phosphoric acid. Among the best
agricultural valleys in this division is that of the Santa Clara river, in Ventura ecounty, which opens out into the
fertile plain of Saticoy. No soil samples from the latter have been received, but the following represent fairly the
s0il of the valley near Santa Paula: ‘

No. 168. Valley soil, taken from Mr, N. B. Blanchard’s orange orchard near Santa Paula, Ventura county. The
colorof this soil is a light umber, and when wet blackish and silty, very easily tilled, and retains its tilth remarkably,
so that the hand can easily work its way into it up to the elbow and an ax-handle can be thrust down to the head
with little exertion. The material remains apparently the same for from 12 o 20 feet in the lower bench of the
valley, where this sample was taken. Toward the hills there is & second bench, where the soil is apparently the
same, but of a slightly reddish tint. On the mountain slopes the soil, still quite similar in its working qualities,
is of a decidedly reddish tint, and is remarkable for its retention of natural moisture, enabling it to produce corn
without irrigation. ‘

No. 182. Reddish mountain soil from Mr, N, B. Blanchard’s land, near Santa Paula, taken to 12 inches depth.

No. 170. Subsoil of second bench land on Colonel W. Hollister’s ranch, near Santa Barbara. (See page 50.)
"This specimen was examined, not as a fair sample of land, but with a view to detecting the cause of the dying-out
of orehard trees some years after coming into bearing that occurs in streaks both here and elsewhere in the
Santa Barbara region. The surface soil is dark gray or blackish, several feet in depth at most points, but where
the dying-out oeccurs is underlaid by a whitish, sandy hard-pan, with pale rusty spots, indicating imperviousness
and bad drainage. The spots are, however, known as having ¢ poison soil”, the trouble being aseribed to some
injurious substance contained in it. The analysis shows no cause for any injury in the chemical composition of
this subsoil, which is very fair in every respect, showing a high percentage of phosphoric acid, potash, and lime,
and even, somewhat unexpectedly, of active humus. The cause of the difficulty is doubtless a mechanical one, the
tree Toots after a certain time reaching an impervious layer, waterlogging their roots in winter and leaving them
unable to seek moisture in the depths of the soil in summer. Deep subsoiling, breaking up the hard-pan layer,

geems to be the only possible remedy. o
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Soils of the Coast range south of the bay country.

VENTUEA COUNTY. AN e A
$ilty soil, lower | Mountain soil || Hillside subseil
bench, near | {reddish), near {| (*'poison soil”),
Santa Panla, Spnta Panla, || Hollister's ranch.,
# No, 168. No. 182, No. 170,
Insoluble Mabber. ccvee . ieinieiirmniaciionean 85. 664 74. 930 83, 065
Soluble BHER oreennerr e rianee i mmrnaie e aanaas 1.847 } 87. 611 7.912 } 82. 842 4,678 } 817.748
2] | L T T Er 0. 634 0. 621 0. 506
B0 Lo nemcae e cas e s snuns mmanmmnea e 0,070 0,164 0.058
TAD0B. e eencmer e convarnennnswmaaseaneas s 0. 759 0. 952 0. 561
B T DL IIRET TP PP 0,593 0. 956 0. 666
Brown oxide of MADEANBEG..erenaamnea-ineeas. 0. 0256 0,086 0. 065
Peroxide of iron...c..vaeeeeemccaemmmsacnanns 8. 360 5. 070 8,118 .
AlUmMIna. cveericeiiiren i ea e rre e 3. 005 © 5,030 2. 906
Phosphorio 8eidl. ....veceeiaainemnoionnennmnnns 0. 260 0.127 0.223
Sulphurie neid. ... .covevenunnnns [ 0. 003 0. 039 0. 084
Water and organioc matéer. . ......eeiiaiiinanns 3.132 2. 669 8,854
TOEAL 1avmneemanammnmemnrnnneenanannns 9. 372 0.414 || 99,871
TEUITLIS « e veeionamnnennneranesreninensonnanns 0. 841" 1.055 1341 °*
Avallahle n0Tganit. eee e eervaeaeivmieananreans 0.368 1.004 : 0.271
Axvailable phosphorie neid ... cociiaanaan 0,200 [vecauenammeemmanns]lesaansosarencancns
Hygroscopio mofsture . cuveeeiemnniaicieans b.488 6. 690 5. 980
ADBOTDEA Db eeeenaearcenreaiieaniiacans s 15 0.0 15C.0 16 C.0

Both soils from Ventura county show an exeellent composition, the valley soil having the advantage of a high
percentage of phosphates, while the mountain soil, a little heavier, with a smaller amount of phosphates, has &
higher lime percentage and more humus. These soils are especially interesting, as being peculiarly favored in regard
1o their relations to moisture. No. 168 remains moist within from 15 to 20 inches of the surface during the driest
part of the season, when the water table falls as low as 20 feet below the surface goils. The same is true more or
less of the Saticoy plain at large; and the soil of other valleys, as, e. g., the Ojai, is measurably similar. So are
probably the valley soils of Santa Barbara, so far as I have had the opportunity of examination.

The first two of the following soils are from the Salinas Valley region: _

No. 606. Uplund soil trom Poverty hill, San Benito county, collected by Mr. H. Partsch for the United States
census; taken to the depth of 12 inches. This soil is of a dun’color, somewhat silty, the dry lumps being easily
crushed by fingers; softens readily in water, the color darkening but little; is easily tilled, apparently not adhesive,
and produces moderate crops in good seasons, but is unthrifty and risky. This kind of land lies in the depressions
of a kind of beneh across the eastern head of the Santa Clara valley, while the higher portions are formed of a gray
adobe, which also forms the subsoil of the loam lands at varying depths. ,

No. 600. Loam upland soil from Soquel ranch, Santa Cruz county, collected by Mr. H. Partsch.. This is a
reddish mmber-colored loam when dry, the lumps crushing easily between the fingers, and softening quickly on
wetting., It is very easily tilled, and contains some coarse sand. This sample represents the soils of the upland
terrace which abuts upon the seashore southward of Santa Cruz.

No. 87. Valley soil from a small valley between Pescadero and Benton creek, about 200 feet above sea-level
and two and a half miles away from the shore, sent by Pescadero grange,.and selected by Messrs. Osgood, Burch,
Weeks, and Thompson, committee. This soil is a brownish black loam, somewhat hard when dry, but softening
easily on being wet, and taking almost a black tint; it produces good potatoes, barley, and oats. The product of
potatoes has fallen, by cultivation, from 28,000 to 12,5600 pounds; the cereals not so much. Deep tillage and
thorough pulverization is found to be very beneficial in dry years. The timber in the valleys is redwood, oak, and
alder, with buckeye, madrone, and pine on the uplands. - ’
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Valley londs of the Coast region.

51

SAN BENITO BANTA CRUZ BAN MATEO
COUXTY, COUNTY, COUNTY.
Upland soi] Loam upland Valley soil
*Poverty hill, soil, Solt)luel. near Pegoadero.
No. 606. No. 600. No. 37.
85. 506 80,426 78, 084
881 A .
2,507 § %8108 5,028 55 954 3,237 § 8321
0.3383 0.343 0. 541 %
0.109 0,126 0.231
0,678 0. 502 0,925
Magnesis ee.neryeinsieeen i 0, 526 0, 350 0. 820
Brown oxide of manganese ......... eeneeeiran, 0.048 0. 014 0. 039
Peroxide of Ir0D.veuvereennnneie e, 2. 858 3.928 4. 934
P L ST 4.214 5.T11 4. 821
Phosphorle a6id ...vvuenvnnrirninnane..... 0, 027 0. 053 0. 084
Sulphurio Aeide.. e eeeeriineneeennen L. 0.015 0. 009 0.027
Water and organic matber ........eoo_.i....., 3.476 4. 855 8. 757
Total veneesveriis e enrey v ceenen 100. 443 99, 485 100. 500
Humus. 0.819 1.463 2. 850
Available inorganic.....cceees'n.. .., e 0.284 0.579 0. 625
Hygroscoplo moistnre. ... coveeceiioeeoonuen.. 5.218 5. 602 7.881
AbBOXBOd Ab .o eene oL 12,500 15C.0 1500

Nos. 600 and 606, while still of the same general physical character as those of Ventura and Santa Barbara,
differ chemically by their smaller percentage of potash and phosphoric acid, the latter being very decidedly deficient
in the ¢ Poverty Hill” soil. .Their lime supply is still, however, quite adequate for thriftiness in snch light soils,
which, like those farther south, show a very satisfactory and remarkably uniform power for abgorbing moisture,
viz, from about 5} to 64 per cent. It is evident that here, as in the San Joaguin valley, the phosphates will be the
first thing requiring replacement when these soils become “tired”, and froit rather than grain cnlture should be
pursned Dby those cultivating them. Itis not, of course, certain that these soils represent the character of the
Salinas region correctly. , : ‘

The wvalley soil (No. 87) from near Pescadero, San Mateo county, shows it to be of a somewhat higher grade
than the above, and approaching more nearly in character the soils of Ventura, above described. It shows a high
lime percentage, a large one of potash, and a considerably higher amount of phosphoric acid than the Santa Cruz
goils, though yet rather low, being only half of that contained in the valley scils of Ventura and Santa Barbara.
‘While sufficient for present thriftiness, in the presence of so much lime it is pretty certain to need phosphates so
soon'as its first fertility is exhausted, especially where dairying is the chief industry. The humus percentage is
rema;fkablyhigh for so light a soil within the coast region. It probably represents fairly the favorite soil of the
redwood. , ‘

‘While on the seaward slope of the Santa Oruz range there is an evident predominance of light loam soils, the

" landward portion of. that range seems to possess large tracts of heavy red-clay soils, whose character, of course,

inflnences more or less that of the valley soils derived therefrom, especially in Santa Clara county. On the
mountain slopes these lands are largely covered with ¢ chaparral” (Ceanothus) and pther scrub growth. The
following is the analysis of a sample sent by Mr, William Pfeifer from a tractlying two miles nortbee‘usb of Saratoga:

' No. 702, Ohaparral soil from Saratoga, Santa Clara county. Dark reddish brown ?vhen dry, f9rm1n g hard lamps;
dark nmber color when wet, and softening easily; quite stiff in working, but assuming good tilth when ta_ken at
the right stage of moisture. Sample taken to the depth of 12 inches, below which lies a gravelly, rather stiff elay
subsoil of an orange tint. More or less angular fragments of the ¢ountry rock (a fine, soft, calcareous sandstone or

shale) are contained in both. ’ 00
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Ohaparral land, Sante Qlara county.

No. 702.

Tnsoluble Mather. cucaes ceeven ciaaasraealearaaacaarsannes 57.449
SOLTDIE BIHOR . c e e e e eaanuienannrannaravannn e anaaans 5,114 } 62. 568
POLAEIL 2 m e e eeeeeaeemsra o nreve mmeneanaaan e eeans 0. 859
B008 ceveaciurscrsncnacseaneaannscascacsestomunnanasaaanns 0. 260
T8 eeemveean e ememeaemee e eeaeme s snrasaenan e nns 1087 |
MAgNesit caveesenverrrenannconannns e e eanaa 2.428
Brown 0xide of TIARZANEEO «.uouiaueeceteseansnsansanvass 0. 088
Peroxide of IX0D..cecsiiiicttanneiimaceastranranransennns " 10.019
AlMIDINA 1 veaaecae e ieiiiiriima e e iasa s caiaaanaes 9. 516
Phosphoric a0id....eeeennnn-s Sy 0.139
Sulphuric 261 .....uviiiieananiieeae e e aes 0. 063
Water and organic matter..coeeoeomeniciiiaiiiiiiiiia.. 11,921

TObAL «overeivieenimaceaciiadaneeiaacae eanacaaaaas 99, 853
HINUS ¢ aeeeraeiaarecsens sracesanancecnsnatonnnsnnsnnnnne 3. 006
Available Inorganic. cavieeeceioeiiai i e, 0. 884
Hygroscopic moisture......ceeeun.. eeecaecseerinseaannes 12, 090

FoR T T N 1 T4 Y 15C.°

_ This analysis gives high testimony to the intrinsic value of the soil. It has an abundant supply of potash, as
well as of lime, even for such aheavy soil. Its phosphoric acid percentage is fair, and its supply of humus is somewhat
extraordinary for a soil formed in an “arid” climate. Its power for absorbing moisture is very high, from the
concurrence of the large humus supply with that of iron oxide (ferric hydrate). It is therefore a soil of great
resources, and is well deserving of the high culture which its peculiar mechanical condition necessitates. It must
be kept thoroughly and deeply t1lled, and its somewhat refractory subsoil should be broken up, so as to allow deep
penetration to the roots. Not being irrigable, on account of its location, its best adaptation would seem to be to
the growing of sweet grapes for the table, for raisins, or heavy wines. A very similar soil is found in some of
the vineyards near Migsion San José, and under high cultivation has yielded excellent results.

The soils of the San Francisco pepinsula are derived from two distinet sources, viz, the disintegration of the
country rocks and the sand drifting in from the seashore on the west. The latter originally covered the larger
part of the present site of the city, and is still continually invading its rear, giving great trouble in and around
Golden Gate park, where the efforts to subdue it have been measurably successful by the aid of grasses, shrubbery,
" and herbaceous plants adapted to the cireamstances, Where the sand is excluded by protecting ridges the soil -
is mostly & somewhat stiffish one, formed from the clayey shales and sandatones, which are here and there replaced
by serpentinous rocks. The latter influence the soils but little save as diluents.

The followmg analyses of soils from the Presidio reservation were made at the request of the United States
military authorities, through Major W. A. Jones, of the engineer corps:

The surface soil, No. 680, is dark-tinted, varying in depth from 4 to 12 inches, accordmg to 1ocat10n, and is
moderately heavy. The subsoil, No. 682, is yellow and clayey, with a good deal of coarse sand, and containg

abundant fragments of the soft, somewhab ealcareous, sandstone from which it has been formed.
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Sandstone land, Presidio, San Francisco.

Soil. Snbeeil.
No. 880. No. 682
Tngoluble mabber «covvr cawmamrariaiianir e 78,185 70,224
SOIUDLO SIlICA wuouns aocommemamenssancronmnssanas 8,468 § 81503 5. 532 } 76,756
POAN «vnnaennmaersncn sanessrasmccanrarmanaas 0. 076 0. 590
Soda.... : 0, 080 0.172
| 1 O OPPRPOPPUPPRE P S A 0. 846 0. 399
MAZDOBIA . cevemren o va s e 0.780 : 1.221
Brown ogide of MANZANESO «vaeirrnmenaaenns 0. 053 0. 059
Peroxide of IT0N...eeeeveaeecrsniionmmnaneses 5.082 | 7.268
Aluming. ..oovainmennnnn, e amntreeememeasureans 5,162 9,737
Phosphoric acid ccaeeerscnrmmmaaeiananceannone 0. 031 0.011
Sulphnrio 80Id «eeeraeiaran iree e aeee 0. 053 0.022
Water and organio matfer . ...oeeemccenionvinr 6. 404 4. 900
TEOLAL -nnvevverensearnenannmn nmrssnnaran 100. 869 100,135
FETHIUS «eceveensenernnemmresnrrnnnsnnsssnsns T 2,28 feeeciieiieiaians
Available Inorganic....eoaemienrnaaseereaeas 1,045 |ecaecenanirinniant
Hygroacopic MOIBLULE « «cvvmvunn seorsnnnmsaens 6.028 : 9,411
PR 11T Y A SUPPPPRPEPR PP P 15 C.e U

This soil shows a good supply of plant-food, with the exception of phosphoric acid, in which it is very
deficient, its subsoil having scarcely more than what might be called a trace. Its high percentages of potash, lime,
and humus malke it an excellent subject for effectual improvement by the use of phosphate manures, which are
manufactured in the city of San Francisco, but thus far have found little sale. The soil overlying the serpentines
differs from these merely in a higher percentage of insoluble matter and magnesia. ‘ .

The Mount Diablo range from San Pablo and Suisun bays to San José has mostly heavy “adobe” soils on its
flanks and in the smaller valleys, as well as on its eastern foot, in the San Joaquin valley, and the heavy grain crops
produced even to the very summits of the ridges in good seasons testify to the fertility of these somewhat
refractory soils, whose productiveness varies sensibly in accordance with the amount of lime present in them;
and this, again, can in a measure be judged of by the more or less dark tint of the soil. TLimited deposits of impure
limestone oceur with frequency among the clayey and siliceous shales of the range, in which calciteor carbonate of
lime commonly fills the rock crevices. Where this is not the case, we occasionally have tracts of heavy clay soils
of tawny tint, cold and refractory, and often ill-drained, with the siliceous, shaly bed-rock a few feet Leneath the
surface, and such, unfortunately, happens to be the character of a large part of the university experimental grounds,
while in the valleys lies an excellent black adobe soil, derived from the higher portions of the range. - The following
analyses show the composition of these soils @

Nos. 1 and 2. Black adobe soil and subsoil, taken on the state university campus, Alameda county, in the rearof
cottages 3 and 4, half way to the bridge. The black soil here is over 30 inches deep, underlaid by a yellow, stony
subsoil. It becomes exceedingly ¢sticky?” when wet, but plows eagily when taken just at the right point of
moisture; when plowed a little too wet it clods heavily, but the clods tend to pulverize in drying. With shallow
tillage, or when left untilled, it forms widely gaping cracks in the dry season; but if tilled deeply and thoroughly
it retains moisture and a luxuriant growth of weeds throughout the dry season, and is almost ashy in its tilth.
The s6il having been sown in grain, so far as known, for many years and worn badly, it was deemed best not to
take the surface soil for analysis, but a layer from 12 to 22 inches depth, and then another from 22 to 30 inches,
the latter representing the extreme probable range of crop roots. The results of the analyses of both of these layers

. are given in the table on page b4.

No. 4. Ridge adobe subsoil, taken from the tcrest of the ridge on the agricultural grounds of the university, in
the orchard, from the depth of 10 to that of 20 inches. Tint, a tawny yellow; very heavy in working, difficult to
till at all times, and remaining wet until late in the spring. At a depth varying from 2% to b feet it gradually passes
into *rotten? shaly clay sandstones, fragments of which are overywhere intermixed with the soil. The traet is
ill-drained, even on the ridge, and is esteemed a poor soil.

No. 643. Black wawzy adobe soil from thie Colton ranch, at the foot of Mount Diable, Contra Costa county. Very
black when wet, grayish when dry; wheu wet, excessively adhesive, so as to cling in masses to wagon-wheels,
requiring to be scraped off from time to time. Vegetation, scattering white-oak trees (Q. lobata) and sunflower
(Helianthus Oalifornicus), but little else. '
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Adobe soils.
. CoxrTRA COSTA
ALAMEDA COUNTY, COUNTY.
AGRICULTURAL GROUNDE, BERKELEY. COLTON RANCH.
Black adobe. Ridge adobs. Blz;(:l]z]xx.xxy
%
Soil. Subsoil, Subsoil, + Soil.
No. 1. No. 2. No. 4, No. 643,

Ingoluble Tesidne «.voveee cncceianiaaeee e : 50, 960
SOTUBIO SO + v e ermseaesenesoneeeoeoenes $ 77844 - 80508 o0z g 00980
PotaSN i 0. 452 0,848 0.189 0,162
LS 1 0. 074 0.109 0, 154 0,741
R T T 1. 0506 0. 008 0.484 2.471
Magnesit. oo ciei e e e 1,211 1.648 0. 462 i 0, 890
‘Brown oxide of manganese ................e.n 0,078 ' 0.098 0. 038 0. 086
Forrio 0%ide .. oovveivnceenaes e 4.075 7.208 4.018 11, 090
Alnming . veceeeiniiiia.., Grrrer et eeanaan 7.788 18.970 ) 5, 532 15, 689
Phosphorio 0610 eee e e eeiirees cereiveienaane 0,231 0.116 0. 067 0. 657
Sulphurie 86id . cov vurivenniriiie i ier e 0.077 0,028 0,021 0,045
Organic metter and water...veeeeneceen... S 5.718 6, 600 4, 061 . 8,304
Total oot e T 09,198 100. 846 100, 998 09, 524
Humxls.......:..., ............................ . 1. 500
Available phosphorio acid rmrmeevernesranaas 0. 036
. Available Imorganie..............oiinn 0. 829
Hygroseopie moistare ,.......ccieveeen oo . 18, 510

abaorbed at . ..o, . 15 0.0

The obvious similarity of the black adobe, Nos. 1 and 2, to the “black prairie” of Mississippi and Alabama is
abundantly confirmed by these analyses. Both in mechanical and chemical composition the adobe is so nearly like
the “white lime prairie” soil of Mississippi that the differences are scarcely greater than might be found in different
localities in either region. The prominent features are the high percentages of clay and the finest sediments, the
influence of which in rendering the soil heavy in working is offset by a large supply of lime and black humus. The
supply of potash is fair, and that of phosphoric acid large, being one-third above that of the Mississippi prairie soils.
This explains the fact that grain erops, so exhaustive of lime, have for a succession of years been grown on Califernia
soil without apparent diminution. The subsoil below twenty-two inches seems to decrease gradually in the supply

of plant-food. The sample analyzed probably represents pretty correctly the black adobe soﬂs of the Coast Range

slope from San Pablo to Mission San José.

The differences in the mechanical (¢) and the chemical composition of this ridge adobe as compared with that of
the valley is sufficiently striking. It contains less than two-thirds the amount of clay, yet it is much heavier in
working, owing to the small quantities of the finer sediments, which chiefly serve to break up the extreme tenacity
of pure clay, that is but little disturbed by the large-sized grains. Then the soil contains less than half as much
lime as the lowland adobe, less than half also of the primarily important ingredients, potash and phosphorie acid,
and, finally, a mere trace of vegetable ma,tter, or humus, as is shown both by its tint and by the smallness of: the
“organic matter and water ” item.

’_I.‘he unproductiveness of this soil is clearly owing to two causes combmed Itis natumlly poor in plant-food,
and its mechanical composition makes it so refractory that it is only in exceptlomlly favorable seasons that whafc.
it does cont'un of .plant-food can remain available to plants, since, in drying, it becomes of stony har duess, with
only cracks to aid the circulation and penetration of air and roots. ,

This is one of the cases in which improvement by merely supplying the plant-food would be a waste of money
wunless the physical condition be corrected at the same time.” Underdrainage would probably do this most effectually;
green manuring would also be a very important aid; but the nnusually small amount of clay for so heavy a soil
promises excellent results from the use of a moderate quantlty of quicklime or marl, and the fertilizer expemments
made on the university grounds have fully sustained this inference.

Locally, we often find the heavier soils of the Coast range so modified by the admixture of gravel and sand
derived from irregularly distributed geological deposits of this character as torender them easily tilled and specially
adapted to the culture of barley and fruit. This is more or less the case along the streams on the borders of San

a See table of mechanical analyses on pages 83, 84,
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Francisco bay, but especially so in Livermore valley, that remarkable basin inclosed between two branches of
the Coast range, with apparently an ancient outlet through the San Ramon valley toward Suisun bay. Near
Pleasanton the Coast Range hills are flanked and even capped by gravel conglomerates, which here, as well as
farther up the ¢ Arroyo del Valle”, have largely contributed toward the formation of the valley soils, which are
of remarkable depth and of easy tillage. The rolling land within the valley southwest of Livermore town has
largely a red, stiffish loam soil, containing much small gravel; but at the lower points this red soil is overlaid by a
dark-colored loam from 6 to 12 inches in depth. '

Nos. 692, 693, and 694 in the following table represent this class of soils, and are from specimens furnished by
Colonel George O. Edwards, of the University of California, the results of analysis being here given by his courtesy.
The hill lands are scatteringly timbered with oaks.

No representative specimen of the valley soils has been analyzed, the following one being rather of a local
aspect, yet giving some insight into the general character of the valley soils.

No. 649. Sediment soil from the “Qjo del Monte”, a small valley just above the final exit of the “ Arroyo del
Valle” from the mountains, at the southeastern end of Livermore valley, Alameda county. This soil is a whitish,
silty soil, with some tangible sand intermixed, easy of tillage, and of very uniform character to the depth of several
feet. Itis covered with a dense shrubby and herbaceous growth and some sycamore trees. '

1

Lands of Livermore valley, Alameda county.

ROLLING UPLANDS. VALLEY.
Dark soil, Subseil. Red gravelly soil. Soil.
No. 692, No. 093. No. 684, - No, 649.
Tnsoluble matter.......ocov i i iaanas 80, 262 80. 658 ¢ B1. 941 I 71156
5
SouDIE BIHOD « v oenvvrensreenrerennaronnannnnas B. 023 }85' 285 5 1573 86. 815 a.768 }85‘ 497 4.038 } 74 004
]?otush...............................\......,.I. 0. 209 0. 357 0,828 © 1148+
3 1 . 0.408 0.121 0, 681 0.128
B3 L T TR T TR 0,813 0,693 0.720 2. 049
Magnosis toeaee e et 0. 647 0. 666 0, 563 3. 046
Brown oxide of MANFANES6. ..ueeemruriaeeaennns 0. 066 0. 025 0. 030 0, 044
1 Poroxide of 0T «ocieeeeeecaeerermonnnnmevnnas ) 8. 584 8, 647 3.620 5. 648
AlUMING cveercvimir et si s cre e e 4,943 6,820 5, 540 7.158
Phosphoric acid cveervienmiimiiiiiiia e 0. (66 0.062 0. 061 0. 117
SUIPhUTIE A0 e e e ierratvannesvrenaecmean 0..010 0. 008 0. 008 0.101
Carbomic a6, -ooceeariienriercerieiiiennaneansloe e semdafree e b . 1,004
Water and organic matter...........o.ocenenl 4,047 8,485 3. 560 3, 679 !
! TOHAL ovveemeemunnmmnninssnmmmnemnernnans 99, 867 100,158 | - 100. 93 100, 201
TLUMNB «nevnvovnnnomneenncssrnnmsnssasanussenslonsransanaancsnacs 0. 808
Available InOTganio. .o e ranrem e cnanmsnamian e[ttt nees 0,413 .
* : Hygroscopio Mofstare v coeesvarranenananes 5. 870 5. 668
abBOTDOA At .o e iaaa e 15 C.° 15 C.0

These analyses show the difference between the upland and the valley soils to be very great, the latiter bemng
rich in potash, highly calcareous, and having a fair, though not large, supply of phosphoric acid; while the upland
soils have, for California, an unusually low amount of potash, and a relatively still lower percentage of phosphoric acid.
Still, with a fair supply of lime and considerable depth, when well tilled these soils promise well for the culture of
the grape, now extensively begun in the region, Evidently, however, bone-meal or superphosphates will be among
the first things needed here after some years’ culture. : . o

The soil of the level portion of the Livermore valley appears to be a mixture of the red soil of the hills with the

valley deposits, and is noted as an excellent country for hay and cereals, though somewhat windy for fruit culture.

REGIO:N NORTH OF THE BAY COUNTRY.

The division of the Coast range north of San Francisco and Suisun bays covers an area of about 20,750 square
miles, embracing the following counties and parts of counties: All of Marin, Sonoma, Napa, Lake, Mendocino.
Trinity, Humbolds, and Del Norte, and the western parts of Colusa, Tehama, and Siskiyou. The entireregionis very
generally mountainous, the eastern border being mostly a continuous range, with an altitude of 3,000 feet and
more (above 4,000 feet in the western part of Siskiyou eounty) as far south as the lower edge of Lake county, and
thence to the bay falling to the lower hills to less than 2,000 feet, the higher range, however, passing on the west
side of Lake and Napa counties to within a few miles of the bay. From the high border region of the east, whichin
places has & width of 25 miles and more, other ranges of like altitude reach northwestward nearly to the coast, fully
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one-third of the entire region lying chiefly in the central and northern parts, thus having an elevation of from -

2,000 to 3,000 feet aboye the sea. The altitude of the rest of the ranges is from 1,000 to 2,000 feet, except a hilly
belt of less elevation bordering the ocean, which varies in width from 1 mile in the northern part of Mendocino
county ¢o 5 miles or more on the south, and to as much as 25 miles in Humboldt county. Near the coast, opposite
or north of the city of San Francisco, is the prominent range of mount Tamalpais, once a part of the Santa Cruz
range, but now separated from it by the Golden Gate. y

The coast line, while having a general northwesterly trend, is very irregular and Lroken, with many prominent
projections and poiunts, and is indented with numerous bays. Among the former cape Mendocino is the most
westerly point in the United States, and is in the line of the sonthwest trend of the highest mountain ranges of the
north in their curve around the great central valley region. Point Arenas and point Reyes form other ‘notable
projections, This division of the Coast range is well watered by many rivers, some of the largest of which, with
their tributaries, drain belts of country more than 100 miles in length. Irom the bay northward to the central
part of Mendocino county, except in Lake and Napa counties, where the largest streams, Putah, Cache, and
Stony creeks, flow into tlie great valley southeastward, the drainage is either south or west to the ocean. Still
northward of this Mendocino water-divide the waters flow northwestward. Russian river is the largest in the
southern part of the region; with its headwaters in the central part of Mendocino, it at first flows southward for
more than 50 miles, reckoned. in a direct course, into Sonoma county, then turns suddenly westward to the coast.
Olear lake, a large body of water, not clear, however, in Lake county, has an outlet through Oache creek, eastward
through Yolo county, into the Sacramento river. In the region north of the Mendocino divide there are three large
and long rivers, the Bel, Trinity, and Klamath. The Fel, with its headwaters near those of Russian river, flows
northwest and empties into the ocean south of Humboldt bay. Trinity river, its two. forks heading respectively
in the northeast and southwest corners of Trinity county, the former flowing at first southwestward, also has a
northwest course to its junction with Klamath river. This latter river, the longest of the three, rises on the extreme
northeast, flows at first southwestward with a tortuous course into Humboldt county, & direct distance of more
than 100 miles, where, after its junction with Trinity river, it turns abruptly and at right angles northwestward into
the ocean. Many other streams of the region have also great lengths. ' :

REDWO00OD BELT.—The high monuntain ranges in the eastern part of the region are almost altogether treeless,
except along their lower slopes, which often have a chaparral and oak growth. A prominent feature of the western
part is a broad and irregular belt of redwood timber, which reaches uninterruptedly from the northern limit of the
state southward a short distance beyond Russian river, in the sonthern part of Sonoma county, and scatteringly
into Marin. In Del Norte county the belt is narrow, widening when it enters Humboldt county to 5 or more miles
at first, and to its maximum of a little more than 25 miles in the southern part of that county, in the region of
Eel river. Heve, however, it becomes suddenly very narrow, 2 or 3 miles in width, and continues so for some
distance into Mendocino county, when it again widens to an average width of 10 miles, which width it preserves to
Russian river. This belt covers an area of about 2,400 square miles. A southern outlier oceurs in Santa Cruz and
San Mateo counties, and is mentioned in eonnection with that region.

The redwood belt is at present the most important timber region of the state, redwood being one of the chief
varieties of lnmber used in constranction. Much of the belt is as yet difficult of access. The soil is in general very
productive and moister than that of the adjacent country, but on account of the expense in clearing it is available
chiefly where the lumber can be marketed.

AGRICULTURAL FEATURES.—The chief agricultural portion of the northern coast region lies within the
counties of Napa and Sonoma and a portion of Lake. Northward of Sonoma county the narrow valleys along the
larger rivers form the bulk of the cultivable land. This country is thinly settled,' and lumbering and stock-raising,
with some mining, are the predominant industries. The valleys are mostly covered with alluvial loams, and are
.only timbered along the bottoms with a growth of willow, cottonwood, maple, ete. Some of the land of Eel river is
very black, and, with its growth of tussock grass, has received the name of “nigger-head soil”, Around Ferndale
and Mastole there is'mnch eagle fern, which often attains a height of 12 feet. On both the Eel and other rivers
northward the tillable land occurs only in small tracts. Around Humboldt bay there is much overflowed or swamp
land, bordered on the east by hills containing sandy loam soils, and separated from the coast line by low sand hills
having a stunted growth of trees. ‘

The Dbasin f the Klamath is very rugged, particularly that pai‘t of it within 40 wmiles of the ocean. Along the main river there
is no valley or bottom land; its whole length iy betwern stecp hills and mountains, and through rocky cafions. Its largest tributaries,
the Trinity and Salmon, run through a country almost as rugged as that bordering the main stream. Scott and Shasta rivers, which are
thp only other notable tributaries of the Klamath, have valleys of bottom land about 5 miles wide and 40 long.—Natural Fealih of California.

The valley of Russian river, in southern Mendocino and northern Sonoma counties, is narrow, has a sandy loam
soil, and for 15 miles from its mouth had originally a timber growth of redwood, but now has only scattered groves
of oak, Itslands are alluvial loams, rich and prodnetive under cnltivation. ‘

Passing through Sonoma county, and continunous with the southeast course of Russian river, there is a series
.of valleys reaching to the bay and varying in width from 6 miles in Santa Rosa valley to 3 miles in Petaluma valley,

bordered by a range of low mountains on the west and a higher range on the east. Sonoma valley proper leaves
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this eentral valley near Santa Rosa, and reaches southeastward to the bay, with a width of about 2 miles, widening
to 6 miles near the bay. That of Napa, separated from it by the Sonoma mountain range, heads near the extinct
voleano of Saint Helena, and extends southward 35 miles, with varying width, to the bay.

The soil of these valleys is a rich loam, usually gravelly, and very generally under cultivation, grapes and other
fruits being now the prominent crops grown. Smaller valleys lie among the hills, which themselves are, to a large '
.extent, susceptible of cultivation. The country rock is mostly voleanic, largely a soft tufaceous material, tending

“to form platean ridges from 1,000 to 2,000 feet above the valleys. These ridges, as well as the slopes ot the higher

.ones, are often quite heavily timbered with a great variety of oaks, among which the blacks (). Sonomensis or
Kelloggii), live (Q. chrysolepis and Wislizens), and blue or rock oaks (. Douglassii) are found on the higher lands,

_together with Sabin’s pine (P. Sabiniana) and spruces, and the beautiful madrone tree (Arbutus Menziesii), which also

.descends into the valleys, being there associated with the coast live-oak (Q. agrifolia) and white oak (Q. lobata), and
form desirable agricultural grounds. Here also the Sonoma or black oak assumes its finest development, forming
(as near Healdsburg) large spreading trees of the habit of the eastern Spanish oak (Q. faloatw). Interspersed with
the oak growth are tracts of land covered largely with unusually large shrubs, almost trees, of the manzanita
(Arctostaphylos pungens), which can nowhere be found in greater perfection, its chestnut-brown, shining bark
contrasting beautifully with its pale-green leaves and the gray bushes of the chaparral (Ceanothus). The densest
tree-growth occupies chiefly the northern and eastern slopes, those with a southwest exposure especially becoming
too dry and heated in summer. This forest growth, within easy reach of the cultivated lands, has doubtless had
its influence in rendering the valleys of Napa, Sonoma, and Petaluma so attractive that at present few uncultivated

" spots are to be found within them. The vineyards especially are rapidly extending up the mountain slopes, one

especial reason therefor being the exemption from spring frosts enjoyed by the several ‘“thermati belts” already
referred to. o

Along the bay, in the sonthern part of the region, there is much salt marsh and tule land. Some of this Tand
has been reclaimed and is under cultivation, ¢ two or three years being ordinarily required after leveeing and
ditching before it is ready for planting.” ‘

But few specimens of soils from the coast region lying northward of San Pablo bay have thus far been received,
and hasty personal visits have given me only a very gencral idea of their character and distribution. Unlike
the Mount Diablo range, the mountaing of Napa and Sonoma are largely formed by rocks of eruptive or volcanie
origin, and where these prevail the soils are naturally different from those of the Cretaceous and Tertiary region
south of the bay. The high quality of the wines of the two counties just named has largely been ascribed to the
voleanic origin of their soils. Much of the rock constituting the lower and more level portions of the ranges of
Sonoma and Napa is a soft, mostly whitish or white tufa, into which cellars have boen readily excavated, and which
gives rise to a more or less heavy clay soil—white adobe in the valleys, a red and more or less gravelly soil on the
ridges. These tufa plateaus alternate with belts and ridges—mostly the higher points—composed of darker tinted,
harder, and crystalline or scoriaceous rocks, less easily decomposed than the tufa, and giving rise to soils of a
lighter character, gray or whitish in the valleys, from the removal of the iron by leaching. Of course there are all
kinds of transitions between these two extremes, and occasionally even'a genuine black adobe will locally show
the prevalence of the calcareous sedimentary rocks. ‘

The two samples from Sonoma, of which the analyses are given below, represent, respectively, the lighter
sediment soils of the Sonoma valley lying near the foot of the slopé and the red soil of the mountain sides
themselves. ‘

No. 185. Valley soil from the lower portion of the vineyard of G. F. Hooper, lying within & hundred yards of
Sonoma creek, Sonoma county, taken to the depth of 12 inches. This soil is & medium light loam soil of a reddish-
buff tint when dry, but blackish when wet. The dry lumps crush readily between the fingers and soften quickly
when wet, but show some plasticity, so that the soil cannot be worked when very wet. It has grown excellent
Zintandel grapes for a number of years, and was originally timbered with oaks and grape-vines,

No. 188. Red mountain soil from the higher portion of G. F. Hooper’s land, now occupied "y orange and
chestnut trees, taken to 12 inches depth, and similar in appearance for 2 or 3 feet. This soil is a brownish-red
loamy soil, containing rock fragments intermingled; but the color darkens somewhat in wetting, and the dry
lumps can be crushed by the fingers, but soften slowly on wetting, and become only moderately plastic. The soil
is quite light in tillage, and produces well, and is evidently especially adapted to fruit culture, favoring early
fruiting as well as early maturity. The original growth is oaks, manzanita, and some ¢chaparral”,

No. 672. Napa valley soil from the vineyard of J. H. Wheeler, 2 miles south of Saint Helena, Napa county; a
grayish sediment soil, with some coarser sand in the subsoil; taken to 12 inches depth. It is easily tilled, in
low places tending to be heavy, and is much benefited by underdrainage. Then natural vegetation originally

was oaks, grasses, etc. The soil has been under cultivation for some time.
; - 716
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- Vineyard soils.

SONOMA COUNTY. NAPA COUNTY.
BONOMA VALLEY | RED MOUNTAIN NAPA VALLEY
BOIL. 8OIL. BOIL
. .

* . h of Saint

Hoolgfaﬂrms]lvine | Hooper's land. Sou}tz{eﬁmm

. ° \
No. 185. No. 188, No. 672.
h 61 TEVE L) C2 49T111<) o 76. 089 34,382 ; 77.017

- A 8. 5 0,
Soluble silicn .cvnmmaiveanians rnreaeeeenana 6. 839 }82 628 14,110 }4 02 3. 340 } 80. 867
301 1 5 L L 0. 435 0,819 0,746
» T ©o0123 0.058 8.477
d LMo, cuvineeeennnes [T 0. 744 0.670 0. 600
B T 0. 578 0.712 1.381
Brown oxide of MONgINess. ccoeieeincrernnienn- 8. 025 0,146 0. 041
Peroxitie of 000 «vuveineniiisiiiiaannanas e 5.798 25,965 5. 656
70 (1 10 & T P P 5. 092 12. 160 6. 671
Phosphoric acid - 0.187 0,166 0.101
Sulphurieacid ..o coneeonreiienaienas creereans 0.171 0.274 0. 050
‘Water and organic matter ....ccoiiiieiiiiinaa 3.715 1L 640 5.252
Total e eeneeenenmomen e eeeneeeeane 99,791 100, 602 100. 282
TFIUIUS <o cveveenenrssveamnesencemasennesaoinnns 1111 ‘ 2. 537 1. 685
Available inorganie. ...... P 0.371 L1711 0. 457
Hygroscopio moisture ......cceeneeanaannaan.. 4. 980 18.710 4. 508

ADBOLBEA Bt eeur cnrereeaiaicreiea e aanane s 15 C.0 15 G.0 15C.0

While differing widely in their aspect and physieal properties and in some points of their chemical composition,
Wos. 185 and 188 are yetnot very far apart in the most essential point—the supply of plant-food. In its percentages-
of potash, phosphoric acid, and lime the mouantain soil stands somewhat below the valley soil' ; yet the supply of
all three is fair. In humus the mountain soil exceeds that of the valley nearly one and a half times, and this,.
together with its extraordinary iron percenta,(re, accounts for its very high power for absorbing moisture, and forms.
a very effective safeguard against injury from drought On the whole, the advantages of the two soils ave very
evenly balanced, its location giving the valley goil a'similar degree of security against drought; but it is evidently
more liable to injury from frosts and wet than the hill soil. The latter, with its eastern exposure, seems certainly
pre-eminently adapted to grape culture; and this adaptation is confirmed by the excellent results obtained in the-
vineyards of Kohler & Froehling, located on a similar soil higher up the valley, as well as in the well-known
Schrammesberg vineyard, northwest of ,Saint Helena, in the Napa valley. I think it probable that, whenever
quality shall be more evenly balanced against the mere quantity of production, the red mountain slopes of both:
valleys will be occupied by vineyards as high up as the vine will grow and produce the choicest wines of the
region. In the Napa valley especially the vineyards are steadily advancing up the hillsides already, and on

Howell platean, at an elevation of 2,000 feet, they seem to promise excellent results. Here also we have a red, -

though somewhat heavier soil, timbered with a great variety of 6aks and some nut pine, and it was on such soil that
an excellent staple of cotton was grown in 1881 by Dr. H. Kimball, of Napa.

The Napa valley soil differs from the Sonoma soils in two chief pomts It is conmdera.bly richer in potash, and,.
" on the other hand, consideraBly lower in phosphates, as well as somewhat lower in lime. It may be that in both
these respects the cultwa;tmn it has undergone exerts a depressing influence upon the results. At the same time,.
the abundant potash, no doubt, has some connection with the extraordinary crops sometimes grown in the Napa.

valley, amounting frequently to over 10 tons, and in a late and well-anthenticated case to over 16 tons of grapes:

per acre.  While such extraordma,ry production cannot be expected to yield first-class wines, yet its prefitableness

is beyond question.

No. 676. Red wolcanio soil from a flat on Olear lake, Lake county, sent by Mr. S. B Shaw, and stated to be-
representative of a large proportion of the cultivable land of the region; talken from a newly-planted vineyard to-

12 inches depth. Below that depth the color is even higher and the soil more clfbyey, but between 2 and 3 feet it
becomes of a lighter tint, and is less clayey.
The volecanic soil is of rather unusual composition and hlghly ferruginous, with an extraordinary amount of.

soluble alumina, which is not adequately represented in the shape of clay, as shown in the mechanical analysis given -
farther on, as well as in the small percentage of soluble silica. The supply of potash and lime is fair, yet not large:

for so clayey a soil. Phosphorie acid is very low, so that it is sure to be greatly needed after a tew years’ cultivatiom.

Half of it, however, is shown to be in an available form by the humus determination. The supply of humus is ample,. -.
and mmsture absorpmon high, Altogether, the soil is not one adapted to cereal culture. but will doubtless yield.

n thut climate choice crops of fruit.
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The only other soil sample from the northwestern part of the state thus far examined was sent by Mr,
Waddington, of Ferndale, Humboldt county. ‘ :
No. 207. Soil of Eel viver bottom from three miles east of Ferndale, Humboldt county, taken to a depth of 12
“inches. Thisis a gray silty soil, blackish when wet, and when worked in that coudition somewhat adhesive and
plastic, and very uniform for a long distance within the limits of the bottorn. Original growth not reported. This
soil produces excellent grain crops for four or five years, and continues to do so in favorable seasons; but after
gome years' cultivation it seems to “run together”, so as to be difficult to till, and after late overfiows especially
becomes intractable for the season, so as to materially abridge crops. The analysis was requested with g view to
determine how to obviate this trouble. : .
No. 205. Subsoil of the above, taken from 12 inches depth down to 25 inches. This subsoil is very similar in
appearance to the soil, but slightly heavier, and is of lighter gray tint, with an occasional grain of bog ore.

Lands nerth of the bay country.

LAKE COUNTY. HUMBOLDT COUXNTY. R
Red voleanio. Eel river bottom land,
Soil, Soil. Subsoil.
No. 676. | No.am. No. 206.
TA0IID1E TUUEEET 2 e e en tevnmnsussniassnsmnimnmssencnnnenns 49, 604 65. 540 09.373
Soluble silied ..ovevenananen 5. 034 §55' 588 6. 808 §72' e . 3.688 §72‘ %L
POUABR . e eesaernan connrantomanenerasmmaaaatsesnetnanan 0,452 1.127 C 1134
BOA0 sneare saraenacnrrssssnanonsecirsssasanasansensanasvns 0,170 0, 282 0.120
Time . ocrvaen-- P R R 0. 858 0.105 0,101
B T O s 0.010 3.829 3,239
Brown oxide of MANZANESS .ccavenveramnansncionninanaas . 0. 0561 0,117 0. 054
Peroxide of iron ......... e rmesassncesantanranacannareas 10. 477 68,986 7,807
AN . ool serrieieiinne srenateeacassascsanamnasnas 22, 586 10,286 9, 758
Phosphorio 8CIA eeverorvaaaaaacnt e iannce i 0,031 0.167 0.141
Bulphuric aeid...cvvieeiivaensianraeaataanaaiianna T 0.033 0,020 0,026
‘Water and organiec matter........ e ameeasaraurveaneny 9. 654 5. 629 4, 066
Total.cennierrnnrnnnenaneses D OUSUPR 100, 260 100,240 99, 508
EIOMUE, +veemenomneaneenns e eemeeteeeae e maaaeaenant 1.442 . L.50 0. 652
Available inorgonie...ooeeiveneiaemiaioniiiaiiiasiiaenen 0, 308 0. 580 0.427
Available Phosphoric Aeid . ...orvasss cavansriareanrassaan ) (13 T S| PR PR
By eroscopio MOIStIIe «ccoeveneoiiiniiiaii el ) 11. 110 7.870 6. 212
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The analyses show the bottom soil to be one of great native resources—an unusually high percentage of potash and
« very fair supply of phosphoric acid—there being a remarkable uniformity of composition through the entire soil-mass
examined. The subsoil contains somewhat less phosphorie acid, and, of course, less humus; but in the surface soil
the supply of both is ample. The one deficiency apparent in both is that of lime, the percentage of that important
.soil ingredient being smaller than in any other soil of the state thus far examined and unusually out of proportion
.o the other ingredients. This lack of lime accounts at once for a certain lack of thriftiness even in the virgin soil,
.and equally for the difficulty in tillage complained of. A few years’ cultivation will still further reduce the small
‘amount of lime in the surface soil and render it inadequate, not only for the maintenance of thriftiness, but also for
rthat necessary condjtion of tilth, the “flocculation” of the clay, In the absence of a sufficiency of lime the clay
.assumes the “tamped” condition in which it is desired to be. for the purposes of the potter, but not for those of
the agriculturist; for it will then cause a clogging of the plow and the formation of hard lumps whenever the soi]
~dries. .
Tt is evident that liming is the first thing needful for those cultivating the Eel River valley soils, but whether
lime or marl can be procured by them at a cost making its use practically possible T am not able to say. Itis
.possible that limestone suitable for agricultural use exists in the region. In the meantime green manuring would
help, in a measure, to-obviate the difficulty, until better communieation shall enable the farmers to use freely the
.obvious and best remedy on their otherwise so generous soil. L :

STERRA NEVADA MOUNTAIN REGION.

The middle and northern portions of the eastern side of the state embrace the very high mountain chaing known
.a8 the Sierra Nevada, which rise to elevations of 8,000 and 10,000 feet and more above the level of the sea, the
velevation of some of the highest peaks being nearly 15,000 feet, forming a backbone-like though irregular chain in its
, ’ ‘ ‘ - nr
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center from north to south and dividing the region into what has been termed the castern and western slopes, The:
former falls off rather steeply into a plateau region, which is elevated some 5,000 feet or more above the sea,and is.
the western limit of the Great American basin or desert. The western slope known as the foot-hills of the Sierra,
and to whose maximum elevation of 4,000 feet the Sierra proper usually falls off abruptly, reaches westward Wlth
a much gentler slope to the low valley lands of the Sacramento and San Joaquin rivers, This foot-hill region is,.
however, subdivided into an upper or broken region, which has an elevation of 2,000 feet and upward to the foot of
the Sierra mountains, and properly belongs to that- division, and a lower region, whose elevation is less than
2,000 feet, and which, being an important agricultural country, is separately described as the foot-hill region.

The Bierra Nevada ranges may be traced in' consecutive order for an immense distance, the whole country for nearly 500 miles in
length and nearly 100 miles in width—their extent within the limits of the state—being subordinate in configuration to two lines of
culminating erests, wlich impart a peculiar charaeter to its tapography, while in the Coast range all is confusion and disorder.

The highest peaks of the Sierra Nevada, from mount Shasta on the north, including Lassen’s butte, Spanish peak, Pilot peak, the-
Downieville buttes, Pyramid peak, Castle peak, mounts Dana, Lyell, Brewer, Tyndall, Whitney, and several others net yet named, which
rench from 10,000 to 15,000 feot above the level of the sea, are nearly all in a line running north 31° west. On the eastern side of this.
culminating line of peaks is situated o series of lakes, the principal 6f which are Klamath, Pyramid, Mono, and Owen’s, lying wholly to:
the east of the Sierra, and Tahoo, ocoupying an elevated valley at a point where the range separates into two summits, The confluence-
of the Gila and Colomdo rivers forms the southern limit of the depression in which these lakes are located. A somewhat similar depression
exists on the western slope of this ridge of high peaks, which is also about 50 miles wide, and is terminated by another series of peaks.
remarkably continnous in their direction and also containin g & series of lakes. That section which lies to the east of the culminating.
peaks is generally termed the castern slope. The depression on the west of this range and the subordinate range of ' peaks which bound
this depression on the west is considered as the Sierra proper.—Natural Wealth of California.

- The following are the elevatlons of some of the most prominent peaks, as determined by the Unlted States-
surveys:

. . } Feet.
Mount Lyell ........... e em e e e e eee e e ea e mm 4 eaname s en et tamane e anaann 13,217
Mount Dana. . oce e i e e, e aans et et e e aem e mam et aeeann e 13,227
B L Sy o et e arae e 13, 886

B LT L T N 14, 000
Mount Tyndall - oo e it e e et e e ane e aaeee .. 14,386
Mount SRasta .. - oo i i ettt e e e e e e e e e e 14,442
Motmb W I8 - o e cas et e et e et et e et e e e et et e e e e e 14, 898

The Sierra region, with its eastern and western slopes (om1tt1ng the lower foot -hills), embraces an area of a
little more than 37,000 square miles. Uniting, as it does, with the Coast range of mountains on the north and south
of the great vallev, the line of separation between the two mountain regions becomes rather arbitrary. This is
especially the case on the north, where mount Shasta and the valleys of the Sacramento and Shasta rivers, reaching
from the great valley northward to the Oregon line, form a convenient line of separation, though the high
mountain range, with a height, characteristic only of the Sierra, extends much further southwestward toward cape
Mendocino. Similarly on the south this high altitude belongs in part to the San Bernardino mountains, which
trend with the Coast range and are included in the southern agricultural region.

The western limit of the region passes from the north, southward throngh the central part of Siskiyou county.
into Shasta, thence extends in a very irregular southeast course to the southern part of Fresno, and turns southward
to the southern part of Xern. The region includes the following counties and parts of counties, beginning on the
north: The eastern parts of Siskiyou and Shasta; all of Modoe, Lassen, and Plumas; a small portion in the eastern
parts of Tehama and Butte; nearly all of Sierra; the eastern parts of Nevada, Placer, E] Dorado, Amador, Calaveras,
Tuolumne, and Mamposa all of Alpine and Mono the western part of Inyo; the wstern halves of Fresno and Tulare,
and the central portion of Kern, at whose lower hne. the region terminates almost in a point against the Coast range.

The prominent features of the Sierra region as thus outlined are: First, its somewhat central though irregular
belts of high mountain ridges, their snow-capped summnits towering thousands of feet above the rest of the region;
second, a western slope of high and broken hills, mostly well timbered; third, an eastern slope, falling rapidly to
an e]evrttwn of 5,000 feet, and interspersed with minor mountams, valleys, and great lakes, and on the north- with
large lava bed pla,team

The high central range of mountains is a natural water-shed, throwing the dramage of the two slopes, respectively,
east into the great basin in the state of Nevada and west into the Sacramento and San J oaquin rivers. An

. exception to ‘this is Pitt river, which, rising in the northeastern part of the state, lows southwestward, cutting
through a low portion of the Sierra chmn and forming the chief tributary of the Sacramento river. The western
slope is well watered by innumerable streams, large and small, the headwaters of nearly all of the large rivers of the
great valley. The eastern slope contains very few streams of any size within this state. The mountains are usunally
timbered with pine, fir, cedar, etc. The entire Sierra region, as a whole, is sparbely inhabited, and its population
is confined almost excluslvely to mining towns, wood-cutter’s cawmps, and a few railroad statlons, and, if evenly
distributed, would average but little more than one person per square mile. In some of the valleys on either side
of the centra,l range some farming and stock-raising is carried on, but mining is the chief pursuit of the people. Ir

summer time large herds of stock, especially sheep, are driven to the mountain pastures from the plains,
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THE BROKEN REGION OF THE WESTERN SLOPE.

The high and broken belt of country lying immediately at the foot of the high Sierra,and known as the higher
or broken foot-hill region, has an altitude of from 2,000 to 4,000 feet above the sea; its width varies greatly, but is
usually about 10 or 15 miles. In Plumas county this region spreads out to 35 or 40 miles, while in other places it
narrows to not more than 5 miles. The rise from the lower foot-hills is often so gradual that the line of separation
cannot be definitely marked out, while from the eastern border of this region the high Sierra mountsins usually
rise very suddenly to their great altitude. It is estimated that the region covers about 8,000 square miles. Of its
topographical and agricultural features but little is generally known beyond the fact that it is throughout
extremely broken with rugged hills and but few valleys, the streams mostly wending their way across the belt in
deep chasms and cafions. The region is generally well timbered with oaks, pines, firs, and other growth, with big
lrees (Sequote gigantea) in Calaveras and adjoining counties,

Lumbering and mining constitute the chief industries of the extremely sparse population, and the few
settlements and towns found here and there are usually little else than camps, with a few necessary stores and
trading posts. Little farming is done, as theie is but a small portion of the entire region that is suitable for
cultivation. In Plumas county, where the belt takes its greatest width of about 40 miles, there are a number of .
grassy and well-watered but treeless valleys, which stretch across the country for 100 miles in a southeastern
direction, connected with each other by cafions, passes, or low divides, and have areas varying from 3 to 8 miles
long and from 1to 4 miles wide. These are Big Meadows, Butte, Indian, Genessee, Clover, and Sierra valleys, and
are more fully described under the head of Plumas eounty, page 123.

The lands of these valleys are usnally sandy, derived mostly from the metamorphic rocks that form high mountains on either side.
The basin called American valley, in which the town of Quincy is situated, is about 11 miles long and from 2 to 3 miles wide, and has an
elevation of 8,500 feet above the sea. - This part of the region is principally oceupied by the metamorphie rocks over an area of about 30
miles in diameter; but this is almost entirely surrounded by voleanic materials, the great lava streams which have come down {rom
Lassen’s peak on the north and Pilot peak on the south uniting with the voleanie crest of the Sierra, so as to cover the slates around

three-quarters of the eircumference of the circle. Between Indian and Big Meadows valley the edge of the groat voleanic region is
struck; from here the mass of lava extends almost uninterruptedly to the Oregon line and far beyond.—Geologieal Survey of California.

THE EASTERN SLOPE.,

Nearly all of the region lying east of the Sierra chain is desolate in the extreme, and its surface is broken with
mountains, ridges, and hills, and scarcely inhabited. Its southern part embraces large desert areas, its northern
immense beds and table-lands of lava, while in its central part the state line approaches so near the Sierra chain
as to leave very little of the slope within California. This region, even were its altitude lower than it is, affords
very few facilities for profitable farming. Valley lands ave found here and there, but these partake so much of the
desert. character of the southern part of the state, or are covered to such an extent by the voleanic materials
throughout the region, as to be in many instances useless.. We find, however, some large valleys that contain
much good land that is at present partly under cultivation, and these are deseribed separately. Excellent timber,
comprising pine, fir, and cedar, covers many of the mountains, making lambering one of the industries of the
people. Cattle-raising is also largely engaged in, while in some of the counties, especially in the middle and
southern portions of the region, mining is the chief occupation. The following descriptions are given of the chief
valleys of the region, beginning on the south: :

Owen’s valley is a narrow basin between extremely lofty mountains. It is about 140 miles in length, north and south, and its
average width is about 10 miles. Along its western edge it is bordered by the Sierra Nevada, which presents an almost unbroken wall in
this part of its course, rising in its highest peaks, which are opposite Owen’s lake, to 15,000 feet, and having no pass across it of less than
11,000 feet in elevation. Here the descent from the summit of the Sierra to the valley must average fully 1,000 feet per mile, and this
would seem to be one of the steepest mountain profiles in the country. This portion of the Sierra as seen from the valley is peculiarly
grand. The steep slopes rise from the desert plain and are everywhere naked and destitute of forests, the only trees being the pines in the
cafions and the scattered nut-pines, which are scrubby and small, and extend up to about 8,000 or 9,000 feet, the rest of the ridges being
made up of patches of bare soil, with exceedingly steep slopes of naked gray rock or snow. Onthe eastern side of the valley the mountains
are more broken, but almost as high and grand asthose on the western, and apparently forming a continuous range,called Inyo mountains
on, the south and White mountains farther north, The mountains are very dry and desert-like, not 4 single stream of any size flowing from
theminto Owen’s valley, whicl is exclusively supplied with water by the melting of the snow stored away during the winter on the upper
part of the eastern slope of the Sierra.. The White and Inyo mountains are destitute of forest vegetation except a few scattering, scrubby
pines, mostly the nut-pine ( Pinus Fremontiana). ’ :

The tributaries whichh Owen’s river receives from the Sierra are small streams. As they issue from the mountain cafions they flow
out upon great piles of detritus or washes, consisting of conrse and fine debris, bronght by the stream from the mountains and piled up on
the plain with a gradual slope to the valley. This slope of detritus extends along the whole base of the mountains, but is highest where
the streams come out, go that the latter often separate into several.branches as they flow down it, thus making irrigation quite easy, and
giving rise to a considerable expanse of meadow and cultivable land along the various channels. Lava beds extend from the mountaing
on the east and west, the two sometimes nearly meeting in the middle of the valley. In the region of Fish springs the lava bed on the
west side of the valley is about 15 miles wide, and on the east about 10 miles. Ou the north lava occupies nearly the whole of the valley,
and is highest along its center. Very little of the land of this valley is under cultivation, the tillable areas lying in small tracts, mostly
in the southern hialf, in the region of Independence.—Geological Survey of California. .
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In Mono county there are two important valleys that are partly under enltivation, Big Meadows and Antelope,
each about 10 miles long and very narrow. Their soils are mostly alluvial or of a dark soddy character, covered with
grass, with some willow trees along the streams. The valley of Honey lake, in Lassen county, is about 60 miles long
from east to west and from 15 to 20 miles wide. Its northern portion is dry and barren, and, with the exception of
sage-brush and greasewood, is destitute of vegetation. - On the west and southwest, near the Sierra, there is a strip
of good farming land about 2 miles wide under cultivation. The soil of this part is a sandy loam, yielding with
irrigation, which is necessary, from 25 to 30 bushels of wheat per acre. A number of other small valleys lying
~:along the borders’ of small lakes in this region are chiefly devoted to grazing purposes. On the northwest of

Lassen county Big valley, on Pitt river, covers a large region, embracing some good land, and is bordered on the
east by long, oval hills and extensive table-lands, known as the Madaline plains. The surface of the valley is
mostly covered with sage-brush; its soils vary from red clays to dark loam and gravelly lands, and are spotted with
alkali tracts. The valley is chiefly devoted to stock-grazing.

_ The only other valleys worthy of mention are those that border the lakes in the northeastern part of the state,
viz, Goose Lake valley and Surprise valley. The valley of Goose lake lies mostly on the eastern side of the lake,
reaching back some 4 or 5 miles, and is watered by several small streams. Its lands are said to be good for farming
purposes. They are covered with bunch and other grasses, and are partly nnder cultivation, yielding crops of wheat,

barley, oats, ete. The adjoining mountains are heavily timbered with cedar and pine, while on the hillsides and
around the lake is an abundant growth of wild plums. On the west side of the lake there is a narrow strip of valley
~devoted to dairying. Surprise valley, east of this, lies north and south along the state line for 60 m1les. and has
a width of about 15 miles. Threelakes lie within its basin, while on either side it is bounded by high and timbered
mountains., Its surface is covered with grasses, and its soil is a tich black loam, occupying a strip from 2 to 6 miles
in width, whose surface gently slopes to the lakes. The valley is settled in neighborhoods, and is partly under
cnltivation, Stock-raising and lumbering are carried on to a considerable extent.

THE LAVA-BED REGION.

A large proportion of the northeastern part of the state, from Feather river, in Butte and Plumas counties,
northward to the state line, and from the Sacramento and Shasta valleys eastward to the eastern part of Modoc
county, is covered to a depth of several hundred feet with great beds of lava and other volcanic material, and has
geherally a broken surface. The exact extent and outline of the region is not known, but it covers the eastern
portions of Siskiyou, Shasta, and Tehama counties, the western part of Lassen county, the northwestern part of
Plumas, and the greater part of Modoc. As determined by the state geological survey, the limit reaches on the
southwest to within a few miles of Oroviile, Butte county; thence northward its wéstern limit reaches quite to the
Sacramento river, near Antelope creek, in Tehama county, but recedes from it to the east beyond Battle creek,
passing a little to the east of Fort Redding. The western edge of the great volcanic plateau may be traced in a
line nearly northeast from that point for a distance of about 25 miles; it then bends to the northwest, and follows
mearly that course to the north line of the state, passing a little to the east of Yreka, Biskiyou county.

The surface of this large region is much broken, and isinterspersed with hills and high voleanic cones, frequently
cut into deep chasms by the few streams that occur in the region. On the north extensive caves have been found
ander the lava-bed. Pluto’s cave, 4 miles north of Hurd’s ranch, in Shasta valley, Siskiyou county, is described
as being under a lava table which slopes to the north, its Surtace very rough, raised into domes or blisters,
and having a thin, dry soil. The cavern is a long gallery extending under this table, now open for about a mile
in & northwest direction. Near the entrance the roof has fallen in several places; but otherwise the gallery is
continuous, and has a width varying from 20 to 50 feet, tho height being in some places as much as 60 feet.
Throughout most of its extent the cavity is beautifully arched, having a section resembling that of an egg set'up
on its smaller end, The rock at the top and sides often has a econcentric structure parallel with the sides of the
arch., In places there are considerable quantities of spongy lava, which seems to have oozed from the sides in a
frothy state. The whole appearance of the place is that of a cavity produced by the flowing out of the liquid lava
after the sides and top had become consolidated. Excepting only the valleys mentioned above, the entire region
covered by these beds is barren and desolate and almost without habitation, or lands that could be profitably tilled.

The lava-bed section at the northwest corner of Modoc county is o succession of gulches and crevasses which range from a few feet
to 100 feet in width, and mahy of them are 100 feet deep ; some have subterranean pass'was which lead for miles under the rocks. This
broken country extends in & belt eastward to Goose lake.

This lava section of the country has no arable lairds, and it is fit only for grazing purposes. It is a vast p]a,m or table-land, and in
some places it is sparsely covered with juniper,

‘Pitt river flows for 16 miles from Goose lake through a desolate plateau covered with large bowlders and masses of blackened lava,
known as the Devil's garden, at the end of which it rushes, roaring and foaming, through a -deep defile, named, from its wild and
rugged aspect, * The Devil's cafion.” Emerging from this gorge, it meanders quietly through Spring valley, su called because of a deep
pool of hot water situated on its banks, whick, agitated by the chemical action going on in its subterranean clmmbers, throws a volume
of water as large as a howshead to a height of 10 feef, which falls back into a large circular basio with the noise of a mountain cascade,
The country adjacent to Pitt river, and with few exceptions the immediate valley of the streamitself, is for the most part an and barren,
and timberless region, There i, however, some good land along the river in the southern part of the ecountry, where also the juniper and
codar attain o size making them serviceable fo'r fuel,~—Natural Wealth of Califernia.
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Between Cow creek and Bear creck, Shasta county, there is a broad plain of voleanic dshes, destitute of trees, and almost Dbare of
herbage, and as yet hardly at all eroded into cafions. On nearing Bear creek mors solid lava makés its appearance and increases as we
pass south, These voleanic materials are all derived from the great center of eruptive ageneies at and near Lassen’s butte. The
.examination of the region hetween that now extinet volcano and the Sacramento river shows that there were a large number of smaller
voleanoes once active there, and that these added extensively to the mass of ejected materials, These consist of layers of ashes and
-scorim, alternating with hard basaltic lava, and they now cover a district about 100 miles long, from Pitt river sonth to Oroville, and
-nearly 75 miles wide. Between the mouth of Bear creck and Red bluff the voleanic rocks come entirely down to the river. They may be
woll stndied at Battle creek, which rises at Lassen’s butte, and has cut a deep cafion in the stratified lava, which is in places as much
a8 €00 feet deep. The basaltic lava seems to have flowed in sheets over the surface, forming a regular slope from Lassen’s hutte to
the Sacramento. All along Deer and Chico ereeks, in Tehama and Butte counties, the lava terminates with an abrupt edge, and the plain
heneath and nearest to it is harren and dry and covered with voleanio fragments; but farther down toward the river the land becomes
-gradually fertile, and has considerable timber. The proportion of good agricnltural land increases as we approach Chico creek, where
the plain is about 10 miles wide.—Eeport Geological Survey of California.

Southward from this great lava region the signs of a former voleanic activity in the high Sierra mountains are
abundant, and we find as a prominent feature in many of the counties beds of basaltie lava capping some of the
mountains, while on the western slope, and down into the lower foot-hills, there are still the remains of what were
.once heavy flows of lava from these mountains. In I8l Dorado county such can be traced through the central part
of the county from east to west. In Amador the volcanic remains lie chiefly along the southern part ot the county,
“the great voleanic table or lava flow extending up the ridge between the Cosumnes and Mokelumne rivers.” In
(alaveras a belt reaches eastward from the northwestern part of the county to the north side of Cave city and the
“Dbig trees” and beyond.

The table mountain of Tuolumne county is a flow of lava originating in the lofty voleanic regionbeyond the “Dig trees” of Calaveras.
Tt comes down -on the north side of Stanislans river, forming » nearly continuous ridge, elevated more than 2,000 feet above the river.
Just below Abbey’s ferry the river has broken throngh the once continuous basaltic ridge, which has been irregularly worn away for
:some distance from the river, but which reappears as o continnous mountain chain a little southwest of Columbia, and continues on the
:south side of tho river, forming a conspienous feature of the scenery as far as Knight's ferry, a distance of about 20 miles from the point
where it crosses the river and cnters the county. The surface of the mountain is very level, with hardly a trace of soil or vegetation.—
‘Geological Survey of California. . '

South of Tuolumne county scarcely any voleanie accumulations have been found to show lava fiows, though .
woleanic action is apparent in some of the mountains of the Sierra.

ATLKALI SOILS AND IRRIGATION WATERS OF CALIFORNIA.

Allali soils (@).—This name is applied in California almost indiseriminately to all soils containing an nnusual amount of goluble
-mineral salts, whose presence is frequently made apparent by the tgfflorescence”, or blooming-out on the surface, of » white powder or
«crust, soluble in water, This ‘‘alkali” becomes most apparent in dry weather following “upon rains or irrigation. Later in the season
it nsually becomes less perceptible from intermixture with dust, as well as from the failpre of the soil-water to rise near enough to the
surface. - The first Tain, dissolving the salty substances, carries them partly into the water-courses, but chiefly baclk into the soil, whence
-they rise again at the recurrence of dry weather, i .

The immediate source of the “alkali” is nsually to be found in the soil-water, which, rising from below and evaporating at the
.surface, deposits there whatever of dissolved matters it may contain. Such water, when reached by digging, is by no means always
perceptibly salty or alkaline, and the same is mostly true of the soil an inch or two beneath the surface; for since the soil, acting like
.8 wick, draws up the soil-water and allows it to evaporate at the surface, it is there, of course; that all the dissolved matters accumulate,
until the solution becomes so strong as to injure or kiil all usefnl vegetation, The injnry will usually be found to be most severo just ab
.or near the erown of the root, where the stem emerges from the soil.

One obvious and practically important conclusion to be drawn from the above considerations is that the more water evaporates from
the surface of the soil within a season the more alkali salts will be drawn to the surface. Hence, within certain limits, a greater rainfall
will bring up a larger amount of alkalij or if, instead of rain, surface irrigation is made to supply an additional amount of water, the
same effoct will De produced; always provided that the rainfall or irrigation dloes mot go so far as to actually wash a portion of the salts
-definitely beyond the reach of surface evaporation into lower strata, from which springs or scepage will carry them into the country
drainage. . . . )

The meagure of the rainfall oramount of irrigation water that will accomplish one or the other of these opposite results depends
in a large measure upon the nature of the soil as well ns of the underlying strata. It is more diffieult to wash thoe soluble salts out of
.o elay soil than out of a sandy one, and the moisture and accompanying salts will keep rising through the former from greater dopths and
for a greater length of time after the cessation of rain or irrigation. ’ ‘

Roughly speaking, there is in California an obvious in'ugrse relation between the rainfall and the prevalence of ‘“alkali” inthe goils.
The concurrent increase of alkali and decrsase of rainfall to southward is most obvious in the great valley, but is also observable more
Lor loss to seaward of the Coast range. The alkali question is of general importance c¢hiefly in that part of the state lying southward of
the city of Sacramento. In the region porth of that latitude the more copious rainfall seems to keep soils leached of their alkali, if,

.indeed, it is naturally as abundant as in the San Joaquin valley.

a So far as I am aware, no systematic investigation and diseussion of this subject in its relations to agriculture has been made ontside
«of the state of California, where the preponderance of the agricultural interest and the frequent interference of ¢ allcali” with the extensive
.culture has forced public attention to the guestion, the more because of itsintimate connection with the all-important subject of irrigation:
I have therefore considered it best to present here somewhat in detail the experience and results obtained in the work done in California
under my direction, published in the reports of the agricultural college-of the University of California for the years 1877, 1879, and 1880,
.or subsequently elicited.—E. W, H. :
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_ Another conclusion resulting from the prineiples above mentioned is that in the practice of irrigation the nature of the water nsed
is of great importance, sinee what it contains of soluble salts will be left in the soil by evaporation, helping to swell the mass of alleali;
year after year until it may become so great as to render the land unfit for cultivation ; provided, again, that the amount of irrigation
water used is not so great as to sink through into the strata supplying the country drainage, carrying with it its soluble ingredients also..

Iffects of alkali.~While the corrosive action exerted by the alkali salts upon the root crowns and upper roots of plants is the most
common source of injury, there is another source of injury which manifests itself mainly in the heavier class of soils thus afflicted, when
the soluble salts consist largely of the carbonates of soda and potash. This is the preat difficulty or almost impessibility of producing a
condition of true tilth, in consequence of the now well-known tendency of alkaline solutions to' maintain all true clay in the most
impalpably divided or tamped condition, that of well-worked potter’s clay, instead of the flocculent condition whieh it assnmes in a well-
tilled soil, . - .

As this cause of injury is not so well known as the one first menti¥ned, it will be pertinent to adduce an example observed and
studied in the neighborhood of Stockton, San Joaquin county, California, from where a belt of land of this character, about 1 mile wide-
and 14 miles in length, traverses the valley diagonally to the foot-hills of the Sierra.

This area is readily recognized by its pitted or “pock-marked” appearance, the low portions being impregnated with alkali and
mare or logs incrusted with i6 on the surface during the dry season, while after rains pools of dark-tinted water remain standing on them
for weeks after the higher portions are dry and in tillable condition. These higher portions, forming hillocks and ridges, elovated on an
average from 16 to 18 inches above the alkali spots, and also bordering the whole tract, consist of a fine, mellow, loam soil, such as would be-
chosen for a garden, and very productive wherever the alkali does not influence it Unfortunately, it lies so intimately interspersed wiih
the alkali spots that if is practically impossible to cultivate one without the other. A short time before my visit the owner, Mr. C. L.
Overhiscr, had made a desperate attempt to conquer the refractory alkalisoil. A mixed tract of the two soils had been plowed, cross-plowed,,
rolled, and harrowed until the harrow produced no further effect, and the resnlt was a seed-bed of soil-clods. ranging from the size of a pea
to that of a billiard ball, but having no tilth. At the same time the portions of the ‘“‘ridge” soil 8o treated were reduced to an ashy condition
of tilth, Some of the allkali land had also beexn heavily manured, and a fair stand of grain was springin g up, but Mr, Overhiser stated that,,

-in accordance with previous experience, he expected to see the stalks ‘‘ spindle up” and turn yellow ahout the time of going to ear,,
unless the weather continued unusually moist, so as to prevent the rise of the alkali to the root-crowns. .

Inspection seemed to show that the two soils differ but little in mechanical composition, not nearly enough to account for such
difference of tilling qualities ; for when worked into a baste with water it was difficult to say which of the two was the heavier soil, and
on drying from this condition hoth formed lomps about equally hard. For the final determination of this question the two kinds of

. soil were subjected to comparative mechanical analyses., Both subsoils are very much alike in appearance, being of, a gray tint, very
compact, and dispoesed to be ecloddy., Both show an allaline reaction on litmus paper (bluing the red paper), the subsoil of the alkaline
spots being, however, decidedly the stronger, The mechanical analysis of the two surface soils resulted in showing that the difference
in their proportions of clay .and sandy ingredients of the several grades is 5o slight that under ordinary circumstances it would ho
insensible in fillage. The chemical examination of the soils resulted thus : The non-alkaline surface soil shows with blue.litmus paper
a faintly acid reaction (2sis usually the case in cultivated soils), Thealkaline surface soil showsa sharply alkaline reaction on litmus paper,
and portions of it exhibit on the surface white needle-shaped crystals, apparently of carbonate of sodium. In the dead-furrows on the.
allcali tract stood puddles of dark-colored water, an analysis of whose solid contents is given belo w, alongside of that vbtained by leaching
the alkali soil in the laboratory, evaporating the coffes-colored lye, and burning off the vegetable matter. The total amount of residue
obtained by the latter process amounted to a quarter of one per cent. of the dry soil. OFf this amount 0.158 was again soluble, 0.093
remaining behind as earthy salts, ete. The soluble and insoluble parts were constituted thus:

\

¥ BOLUBLE PARTS, INSOLUBLE PARTS,

) Dead-furrow . Dead-furrow

Constitnents, Soil extract. puddles, ‘ Constituents. puddles.

Per cent, Per cent, Per cent.
Carbonate of 8008 uvvencieeaeeaeeanaanennnnian 62,74 64. 01 Carbonate of caleium ... iiiiiiii i e 1402
Chloride of 8oditm . - o.oieceniremnenirann. 33. 08 18. 06 Tri-caleie phosphate .......... 5.8T7
Balphate of 800a .. oveenioie iy 13, 20 } 99 03 Tri-magnesie phosphate ...... 6.77
T1tsodic PhospRAto - aueur e cnneeiaeecenenen 1,83 ' Silien-(soluble in NawC0s). . -.eveeeeennee e e, 21.87
100,01 100,00 Tron oxide, alumina, and some ¢lay (by difference)......ocoeeeounen.. 50. 47
100. 00«

;

It will be observed that, notwithstanding the presence of considerable amounts of newtral sodium and ealeinm salts (which tend to
render the soil more tillable), about 0.08 per cent. of carbonate of sodium was sufficient to render the soil practically untillable.
Although this effect is much less perceptible in the case of soils containing less clay, it cannot fail to be, in many cages where it is nof;
obvious, a determining caunse in turning the balance of profit and loss the wrong way, especially in critical seasons, The change of
carbonate of soda to some other form, at least, is therefore among the most important peints to be gained in the reclamation of alkali
lands; and fortunately this can be accomplished with little cost or difficulty by the application of gypsum or land plaster.

Another damaging effect of the alkaline carbonates upon the soil is the dissolution of ‘their humus, which manifests itself in the dark
eolor of the water standing on alkali spots and in the black rings left where such water evaporates, whence the popular name of ¢ black
alkali,” When leachéd with water such soils will often appear almost white, and will remain unthrifty for some time nuntil the humus
ig restored by vegetable decay. The application of gypsitm prior to leaching, however, renders the humus insoluble again, and thus
prevents its waste. : . '

Reclamation of allnli lands.—The most obvious remedy for this evil ig, of course, the leaching-out of the injurious salts by flooding,
and, if possible, by underdraining. This method is habitually resorted to in sea-coast marshes, near the mouths of rivers, after the salt water
has been excluded by embankments, The limited salty spots so frequently met with in the uplands of soma regions are promptly cured by a
few underdrains, through which the winfer rains wash the salts definifely beyond the reach of the soil-water. Such spots are very
commonly found extraordinarily fertile afterward, The problem of affording velief, however, hecomes much more difficult when either a.
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stratum of saline water or an earth-layer containing much saline matter lies a few feet beneath the surface in a level region, as is
unfortunately very often the case in California. When this happens the evil can only be mitigated, but scarcely altogether cured.
According to the value of the land to be reclaimed, one or several of the following remedies may then be employed:

1, When the ‘‘alkali” is not very abundant, or very noxious, frequent and deep tillage may afford all the relief needed. TFor inasmuch
as the damage is in most cases the result of an excessive accumulation ai or near the surface, it is clear that frequent intermixture of ihe
surface layers with the deeper portions of the soil may so dilute the injurious salts as to render them powerless for harm, :

Moreover, since a perfect ilth of the surface greatly diminighes evaporation, it tends to diminish, concurrently, the accumulation of
the allkali near the surface. The same efféct may be produced by mulehing, or by covering the surface with sand.

With the aid of deep tillage it is often possible to raise on salty sea-shore lands root crops, such as beets or carrots, which absorb a
large amount of soluble salts and sensibly relieve the soil, so that cereal crops may be grown the second or third year.,

2. Underdrains may so far lower the water-table from which the saline matters ave derived, and may so far favor the washing ot
of the salts during the 1ainy season, that the latter will thereafter fail to reach the surface so as to accumulate to an injurious extent
with reagsonably deep tillagé. The roots of plants will go deeper for the requisite moisture, hut will not be injured by the weak salino
water below, With the aid of underdrains, in many cases a comparatively small amount of irrigation water may, when applied at the
proper time, be made to produce the leaching effect upon the surface soil that wounld otherwise require a long time and a mnch larger
quantity of water in ordér to wash the alkali into the country drainage. .

3. When the quantity of the salt or alkali is small, but its nature such as to be nevertheless very injurious or corrosive, the evil may bo .
greatly mitigated, or sometimes completely relieved, by the application to the soil of chemieal antidotes, cheaply procurable in commerce.
In order that the proper antidote may be chosen, it is of course necessary to determine the nature, and, in a measure, the amount, of the
“ alkali” by chemical analysis. The salts usually found in thé California ¢¢alkali” soils, so far as they have come under my observation,
are of three kinds: ' o ‘ ‘ :

a. Neutral alkaline salts, such as common salt, Glauber’s salt, sulphate of potassium, ete. These are injurlous only when present im
large quantities, and relief can then be obtained only by washing them out of the soil by flooding, underdraining, ete.

b. Boluble earthy and metallic sulphates and chlorides, such as Epsom salt, bittern, chloride of caleinm, alum, copperas, ete. Thes
cheap and efficient antidote to these supstances is lime; in some cases even a natural ealeargous marl will answer the purpose.

¢. Alkaline carbonates and borates, These, especially the former, ave injurious in the smallest amonnts, render'ng the soil-water-.
caustic and corrosive, and in clayey soils rendering it almost impossible to obtain good tilth, by their peculiar action upon the elay.
They ure most abundant in southern California, while the second and first class seem o prevail in the Sacramento valley,

The antidote to these, the true alkali salts, is gypsum ox land-plaster. The efficacy of these antidotes depends, of conrse, upow thé
presence of water, without which they cannot act on the ‘*alkali”. They should be sown or spread on the sutface and plowed or
harrowed in to a moderate depth just prior to irrigation, where that is used; in the case of plaster, put in with the grain; in that of lime

© it should be put in just before a rain, or irrigation, and notat the same time with the grain or other seed. The amounts to bs used of sither
of these substances will, of conrse, depend altogether npon the quantity of allkali in the soil and upon the amount of surface evaporation
allowed in cultivation. If therefore varies and must be ascertained by experiment or analysis in each individual case. Their effect is to
convert the corrosive or ogherwise injurious ealts into “nentral # ones, sueh as (tlanber’s salt or common salt, whicliare from ten to twenty
times less injurious than, e. g., the carbonate of soda. It follows that, when seils are very highly charged with the latter substance, even
its conversion intonentral salts may not suffice to render the soil capable of profitable culture. To effect thisit may be necessary to aid the
antidote by leaching-out in bad cases. On the other hand, the antidote will, in any case adapted to its use, aid either of the other methods
of obtaining relief. The farmer affiicted with alkali should, theretore, not feel disconraged or disposed to condemn as useless any one of
the measures of relief here described simply because the result is not perfect. The three should be combined, whenever possible, to the
extent justified by the pecuniary value of the land. .

In districts afflicted with the carbonate of soda in the soil it has been found in numerous cases that the simple use of gypsum,
conjointly with snmmer tillage, to keep the soil loose has sufficed to enable land that never bLefore produced anything of value to bear
abundant erops. But the failure to secure s similar result in the neighhoring fields, at times, has caused unnecessary discussions as to the
utility of gypsum, It should be remembered that where the amount of soluble salts present in the soil is very large gypsum may mitigate,
but cannot altogether relieve, the trouble; its action mustbe supplemented by other means calenlated to remove the soluble salts from the soil.
In case carbonute of soda should not be present, gypsum will effect no improvement at all. To ascertain this is not at all difficult. The
presence of carbonate of soda or potash is generally indicated when the water standing on the low alkali spots is of a dark-brownish tiut,
from the dissolution of the vegetable matter or humus of the soil; in other words, it is whatis popularly known as ¢ black alkali”. Such
alkali will, moreover, impart a brown tint to paper dyed yellow with turmeric, or it will turn the juice of red cabbage green, or the color
of blue litmus paper red. Again, if water be shaken up with gypsum and allowed to setitle, and some of the clear alkali water added, the
gypsum water will be rendered turbid. .

Analyses of ** alkali”.—The accompanying table shows in deteil the eomposition of ‘‘alkali” salts occurring at different points in
California. : '

-
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Tuable showing in detail the composition of “alkali® salts occurring at different points in California.

ENEEIEEE S MEN I B R Rl
Loaality. 590 6 258 & 3| £|Eu|EE| & | ¢ '”g: TR Antidote.

70§ 4e|d 23 (zE|e5 | E7| 8 B2 |B® EE | 2% |4

B 21ET|8|58|2 (8818 | | 4 |2 || B |6 (e8| 5|8 8

EISE|E3T 8|3 3|8 |2 |8 |8|g |& |s|8|3)«
Corvallis, Los Angeles county....| 1. ogl 8.7 || Drainage.
Westminster, Los Angeles éounty 0, 49 |20, 62 6, 69| . Grypsum,
Anaheim, Los Angeles county...q.....j.ovee ven |- Drainage.
Riverside, San Bernardine county.
Merced bottom, No. 18, Morced Gypsum.
M%?clen(%ybottmn, No. 19, Morced 100, 01 De.
Sn(;;“.}ogé Santa Clare county . 100. 28 Do.
Benton, Mono county «.-vcameeendiiiilinnes JUURS DUURR S N A (o DR ¢ ) N P DRI RN RN PO IO ERDURn PR NP MR Pt Do.
Sherman  island, Sacramento |.....[|..a.- eeeeils 09, 30} Lime.
'lel(')tlilsn‘t%;;uclx,nmr Stockton ..i..| 8.78)..... el 7ees a0 16,98 .. _[...... 100. 38 Gypsum.
‘Overbhiser’s alkall s-oil, Stockton..| 0,15]...-. RN OO I £: 3 26152. 74) 38,08 ... |.cau.n 100, 91 Do.
Ovorhiser’s alkali sofl, Stockton..| 1. 02jj..... le]eaal] 22 92|64. 01| 18,00/ caefenuann . 100, 00 Do.
Huenem e, Ventura county . eacuaefenn.s 5.64].rudon. .2, SOE ..... .7 TS (RN D (R, 2,400 25,610 ‘075 [voeii|ieid]ioent 909, 09| Lime,drainnge.
Goshen, Tulare ounty........... 1, 40)}.c... coms|eavs| 44,24 82,08 16,74 ... o] mnun- .07 {.em-e S e D 1, 67|....-| 97.50 Gfpaum, drain.
Mojave, Los Angeles county.....|..... vees.j0.58....] 36.8812 03/ 3L 48 vemen|ranans [ 18- 8 PR (R (R 18. 88| 0.78; 100. 00 n%%.
Colton, San Bernardino coundy...feeses|foass- cmee|e-o-| 26,78 53,08 12,28, ... feanann (1971 PR SRR IR SRR U 7,10} 0.21| 100.00 Do.
Poople's Ditch, Tulave county ...|.....||---- veie|eeas] 12288000 LO0[.....leccaes]ienianns S T P S [ 9. 211 0.48, 100, 00; Gypsum.
Sumner, Kexn county .. coecoeeac]ocanodioan o cemrfeeas| 10, 200000 /R0 T (AP PN P 0.96] 1831 |ceeceiiilbiinns 20, 87}, ... - 26 48 Drainage, lune.
Dos I’ulmns:‘Ssm Diego comnty...|.....]|.--.. ceaelvens] 20,60 - 0nn. 29, 44 69, 09| Lime,drainage.
Lomoore, Tularefcounty -eeueofoanoe|feanen JOPON PR B¢ 5 T PN S T DO RPN PPN FCpuepey I ) B S ¢ |1 T FOPPOURH PR Ppipin) FV DYy PR Drainage.
Emigrant Diteh, Fresno county..jeaceofleae.. [SPO R [ ]l ™ celamnsnne Grypsum,
Collinsville, Solano county..eeser|eseafloanes AR RO K {3 20 PO (I ) Lime.
Bkagg's Springs, Sonoms county. |.---. 0.12)....10.97...... 78,54 2. 9512, 90| trace | Ii 5}333 (}x?l Coo; ..... Mgngz ]S3l(i }Coa 5,42 100,08 &

‘ . 3 . ) ) 0.1 } ..... , . ypsum.
J* Little. f Chiefly. 1 2uch, ‘§ Large. {| Some, ’ 4 Moderate.

A pmnt of great Jmpmtamce to the n,gnculture of thess regions appears from even a eursory inspection of the table, viz, that in many
cases phosphates; nitrates, and potash salts form o notable proportion of the ¢ alkali?”. These are the substances of which the withdrawal
by eropping eauses sterility of the soil, and the purchase of which forms a standing item of outlay in the farmers’ accounts wherever a
regular system of husbandry is established. Ordinarily they are found only in traces in the water permeating even the richest soils, the
amount present being so small, or in such a condition of msolulnhty, that they are retained in the soils; but here we find them to be
present in such large proportions as to form a regular part of the circulating soil-water, the inference bemo that such s0ils, when freed
from the injurious portions of the ¢ alkali”, would be extraordinarily productive, and would remain so permanently, without any additional
supply of manure, if it could be assumed that soil-water of similar composition would eontinue to ascend from below. But even if this
should not happen, the amounts shown to be actually present in & soluble condition are far from insignificant in themselves, apart from
their pointing to some prolific source of the supply. Taking, for instance, the case of Overhiser's *alkali” goil in the above table, we
find that the spparently insignifiennt percentage of soluble phosphates, when caleulated to percentage of the Total soil (0.0064 per cent.
of phosphoric acid), amounts in absolute weight per acre of seil taken 12 inches deep and weighing about 3,750,000 pounds to no less than
240 pounds, a quantity which, being absolutely available to erops, would, e. g, suffice for sixteen crops of wheat of 25 bushels to the acre;
or, expressed diffevently, it is equivalent to a ton of best comnmercial superphosphate, for which $45 would have to be paid. At least an
equal amount. must, moreover, be estimated to be present in the soil in the ordinary condition—mechanically absorbed and ingoluble in
water, yet available to plants. Hence, the above estimate of wheat crops, for which the soil contains an immediately available supply,
must be ab least doubled; and after that is exhausted there would still probably remain a supply as great as is ordinaxily present in soils.

It should be noteid thmﬁ, in the case of these phospliates, the addition of gypsum would permanently prevent their being washed out
of the soil, even in case the leaching-out process were to be resorted tv; yet their availability to vegetation would not thereby be impaired.
It is highly probable that in many oases where phosphates have not been determined by the analysis their presence has simply been
overlooked, and that their ocourrence is much more general than is now proven. The amounts of potash found in some of the * alkali”

salts are so great as to justify the coneclusion that the supply of this ingredient in the corresponding soils is practically inexhaustible ;
for the fact that they circulate in the soil-water proves that the soil must in the first place have been fully saturated with them, apard
from what is actun]ly in solution, and that in all probability the supply comes from the permanent Wuter-mble. To this extent the
cultivators of such soils would be permanently relicved from the necessity of 1eplmcement by manure.

As regards the nitrates, it is obvious that they are locally formed in considerable amounts in the arid regions of North Amenca, as

swell as in thut of Bolivia. Minnte quantities can be detected in almost all cases in which the carbonates of sodium or potassium form 2
large proportion of the soluble salts, but it is only under exceptional cireumstances of loeation and rainfall that they can accwmulate to
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o notable extent. Such is the case of the alkali tract in the bottom of the Merced river from which specimen No. 19 was taken, If
lieg in a local basin of impervious limestone, and forms a low ridge, which is only exeeptionally overflowed by the river, and that after
previous rains, so that even the salts that have bloomed out on the surface are not usually washed away.

It is quite prohable that in the cultivation of regions possessing a climate suitable to the generation of niter deposits the artificial
addition of the latter as & commercial manure will rarely be necessary. Since nitrates are not retained in a soil percolated by water, the
use of drainage or leaching-out of the soluble salts will result in the removal of this important fertilizing ingredient from the soil, When
known to be present, therefore, the process of washing out should not be carried further each season than is needful for the success of
crops, and all the means mentioned for reducing the injurious effect of the corrosive salts on the erown-roots should be employed. It
goes without saying that in each case erops adapted to the particnlar cirecumstances will, other things being equal, bring the best returns.
Experience has already in many cases demonstrated the extraordinary productiveness of some “‘alkali” lands when reclaimed by the
means described. .

Effects of irrigation on alkali soils,—During the past two or thres years complaints of the increase of alkali on irrigated lams in the
upper part of the San Joaquin valley, especially in the counties of Kern, Tulare, and Fresno, south of King’s river, have hecome more
and more frequent. During a personal examination of that region in March, 1880, this important matter was brought prominently to
my notice by many farmers. Much difference of opinion prevailed as to the causes of the evil, but there was no question as to the fact
of the increased ‘“rise of the alkali”. .

The latter phrase, commonly used in this connection, really contains the elew to the whole problem. It is emphatically true that
the alkali salts rise from below, through the agency of the water evaporating npon the surface. Irrigation has not only increased the
apount ef water evaporating from the surface, butit has also caused a much greater depth of subsoil to be drawn npon forits alkali. That
in many cases the strata lying at depths of from 4 to 6 feet from the surface are much more highly charged with soluble salts than the
surface soil is painfully apparent from the aspect of the material thrown out in digging the irrigation ditehes and now lining the banks
ofthelatter. In some portions of the ‘‘island” embraced between the several outlets of Kernriversouth of Bakersfield these embankments
appear as thongh covered with snow, and the alkali can he bodily pieked up by the handful. Tt would seem ag though the rains would
have leached these earth-piles long ago, but the rains usually falling in that region are so light that the soluble salts are only washed

Linto the soil to a few inchesfrom the surface, and within afew days after evaporation has again brought them hack in the shape of n white
erust. In digging wells in the light sandy soils of the ““ plains”, from King’s river southward, it has often been found thab no perceptible
moisture oxisted, even at the depth of from 20 to 40 feet, until after the region had been irrigated here and theras for several yoars. The
amount of water needed is at first very large, but when fhe soil is once filled down to the drainage level one-hall and even one-third of
the water previously used will suffice to grow a grain crop, : '

The rainfall in this region is usually so small (from 4 to 8 inches) as to suffice only for moistening the soil to the depth of o fow feet,
and during the time required for the eviporation of this natural moisture the short-lived vegetation of the region rapidly passes through its
devclopment. That vegetation consists of a comparatively small number of species of bright spring flowers, which in their season epver
the entire country with o dense and benutiful carpet, one and the sanie flower cccupying the ground almost exclusively at times for
many square miles by virtue of the law of the “survival of the fittest”. Were there any crop of a habit similar to these Bowers that
could be profitably grown on these plains irrigation could olbviously be dispensed with. The settlers of-the region have tried what seoms
to be the next best thing, viz, to grow grain crops of a short period of growth, and therefore needing irrigation only dming a small
portion of the dry season. In so doing they have moistened the soil to a considerably greater depth than was reached by the rain-waber
before, and, as & consequence, the annual evaporation hag greatly increased. The irrigation water, mereover, has brought with it from
these depths all the supply of alkali salts that before had gradually been washed beyend the reach of the ordinary rainfall by an oceasional
wet season. Each succeeding irrigation, followed by evaporatien, tends to accumulate the salts nearer the surface, so that finally the
root-crowns of the grain orops are ‘hurnt up” before even beginning to head. The evil will, of course, be greatly aggravated if the water
nged for irrigation originally contains any considerable amount of alkaline salts, which are superadded to those already in the soil strata,
Some important practical bearings of this point will be discussed further on. . ) ' .

Remedies for the “‘rise of the alkali”.—Ibis obvious that the ‘“ rise of the alkali”, following upon irrigation, cannot be remedied by the
use of the chemical antidotes alluded to above, While they do convert the most injurious salts, earbonate of soda and sulplate of
magnesia, into much less active compounds, yet these will remain in the soil, and if in sufficient quantity will ultimately become noxious,
especially to shallow-rooted vegetation. In some districts afflicted the natural alkali consists only of such “nentral” salts as common
.and Glauber’s salt; as, for instaice, in a part of the xich Mussel Slough country around Hanford, Tulare county, where at the time of
my visit dead spots were appearing in the magnificent grain-fields when the grain was but a faew inches high, the avil being worse
wherever the crop was late and had not yet shaded the ground. Morenver, it was obvious and strikingly worse wherever the soil vas
sufficiently clayey to form a hard crust on the surface; a fact well known and rvecognized by farmers in the alkall regions, but often
ascribed simply to the constriction of the stems by the contracting crust. The effect of the latter may, it is truo, be noticed in adobe
digtricts, where there is no alkali, and undoubtedly bears its share in doing damage; but the injury it creates is doubly great in alkaline
soils, o

In the early stages of the growth of cereals the pulverization of this crust may be accomplished by harrowing or rolling, with great
benefit to the erop; but in the upper valley it can rarely be done after the last irrigation without considerable mechanical injury. That
a soil having such a surface crust dries much more rapidly than the same soil when kept in good tilthis o fact too well known to require
discussion. The dense efust absorbs water muech more powerfully than does the loose soil beneath. “The moisture is foreibly drawn from
the latter.into the surface crust, and there evaporates quickly under the influence of air and sunshive, hardening the erust more and
more, and accumulating therein an inereasing amount of alkali. To illustrate this, imagine a sponge, representing the loose soil, to bo
satarated with water, and a hard-burnt brick, representing the crust, to be laid npon it; the briek will take all the water from the sponge.
Yet, if the brick be soaked in water and the sponge pressed on it. the sponge will not take up a particle of moisture. It is thus obviouns
that in alkaline soils the formation of a stirface crust must of all things be avoided. In other words, as stated above, *‘ deep and frequent
tillage ” is one of the foremost needs in such soils. And as this condition cannot be fulfilled in the case of broadcast crops, the cunclusion
is that broadcasting, and with it practically grain-growing, must ultimately be abandoned in the alkali regions and hoed erops substituted,

 which will admit of the ground being kept in perfect tilth throughout the season. : S

Crops for alkali soils,—The condition of preventing evaporation from the surfaco is also measurably fulfilled by such crops as
tglfalfa”, which not only thoroughly shades the ground, but in addition causes almost the entire evaporation water to pass up through
its deep roots to the leaves, so as not to reach the gurface at all. Sueh accumulation of alkali in and around the roots as can occur under

" such circumstances is too much dilated to hurt the plant. The Tact that the alfalfa suceeeds perfectly on ground too mu ch eharged with

" alkali to grow grain is notorieus, only care must be taken to pr(a,vent injury to the reot-crowns while the plants do not yef cover the
surfaee by timely irrigation. 225
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If circumstances permitted the profitable cultivation of alfalfa on so large a scale, the alkali districts wounld perhaps have little cause
to seek further. The experience with alfalfa, however, cloarly points the way for the selection of crops better suitsd to the eircumstances
than grain, whose shallow roots are much more liable to alkali corrosion than is the case with the tap-rooted or other deep-rooted plants,
It is among these, then, that the allali regions should seek for crops of which the produet shall De sufficiently valuable to bear the
expenso-of inland transportation, under which these districts are now suffering, Next to these, the search should De for such as will be
succosgful in alkali lands, provided the soil e kept well tilled through the dry season, i. e., ““hoed” crops.

In the former category, one of those standing foremost in promise is probably cotfon, the suceess of which in that region is already
shown by experiments made, the profitable production being at present limited only by the demand for the staple on this coast, which
J;my{:’ s.oclm e increased by the establishment of cotton factories. OFf other textile crops, hemp, jute, and ramie at once suggest themselves,

or trial.

Of oil crops, the castor bean is perkaps the most available and most eertain of success, always excepting the, despised ‘‘ white
n%ustm'd ”"or “wild turnip ”, whose rank growth as a weed shows what might be done with it if grown for the manufacture of rape-sced
oil.  Root crops, being too bulky for profitable shipment by rail, will not be available to any great extent at present wuless as dairy feed,
in conjunction with alfalfa, for conversion into butter and cheese ; but beets, carrots, turnips, sweet ‘potatoes, ete., all fulfill, to a greater
or less extent, the conditions above formulated for successful culture in alkali goils, The culture of fruits, both large and small, that can
le shipped in the dried condition, or in the shape of Jjellies, ete., is also an awvailable industry, searcely yot tonched in the alkali regions.
Raisins and prunes especially deserve attention as pretby certain of success. :

Among hoed field crops available for that region sorghum and sugar-cane deserve attention. It is true that in general the presence
of g large supply of soluble salts in the soil is deemed wnfavorable to the profitable production of sugar, since it is apt to render the juice
diffienlt o erystallize and to increase correspondingly the proportion of molasses produéed. Actual trial, however, can alone determine
the question here. '

It would really seem as if, in the bhroadeast culture of cereals, the farmers in the alkali districts had made the worst possible selection
for the permanent good of agriculture in their region. That a change of system in this respect is imperative can hardly e questioned
by any candid observer of the facts. And it may well be questioned whether the necessity imposed by nature, of more varied and eareful

farming than has heretofore obtained, may not prove a llessing in disgunise when rightly nnderstood and acted upon. The planting
ssystem enriches o fow individuals, almost always at the cost of the soil’s permanent productiveness. It is small farms and intelligent ©
«eulture that coustitutes the prosperity of an agrieultural community,
Y Sub-irrigation vs, Surface irrigation.—The injury arising in alkali lands from the formation of & consolidated surface or crust subsequent
to irrigation by flooding suggests at once the application of the water in such a’manner as to avoid this evil, viz, by sub-irrigation. To

‘a certain extent the advantage so secured is well understood in the irrigation districts, the water being often applied only by the use of

furrows or ditches, which divide the land into marrow bands, and from which the soil is moistened by “soaking sideways” from the
ditehes, - The great multiplication of the latter, and their interference with the operations of culture on the large scale, Lave generally
canséd the use of this mods of irrigation to be restricted to small cultures. Even a cursory inspection of the state of things in the alkali
regions shows that in the plots sub-irrigated by ditehes the rise of the alkali has, as a rule, been very much less than in the case of
adjoining ones irrigated by flooding; and, in the latter, the high spots that have not heen covered with water frequently escape damage,
wlile thelow portions are scorched with the alkali. - This, atleast, isthe result when the amount of alkali present is not very great. When
the soil is very heavily charged, the high spots, being the first to dry, are also the first to be injured by the alkali drawn to the surface by
evaporation, while in the low spots the grain may reach a greater development before being killed. Manifestly the object to be attained
is to prevent the irrigation water from reaching and evaporating from the surface at all, if possible. To accomplish this fully it would be
neecessary to know how far upward water will rise when applicd to the several soils. Some data concerning this point are given in beoks
on agrienltural science, but they are not of such a character as to pormit the prediction of this measure with respect to any other given
soil. 'We know in general that in coarse, sandy soils water rises rapidly, but only to a moderate height, sbopping there; while in soils
composed of finé materials, whether clay or fine silty matter, or both mixed, the rise is slow, continuing for months in somo cases before

. reaching the highest point, which may; however, be twice or three times as much above the water surface as in the case of sandy seils.

Tor instance, in coarse, sandy soils, like those of portions of the plains of Tulare or of parts of Stanislaus, the water may, in the eourse
of three or four days, reach its highest point at 20 inches ; while in adobe soils, or in the gray silt soils of Eel or Santa Clara rivers, it
may tale ten days to reach the same height, hut will continue to rise slowly for several months before reaching the maximum height of
about 50 inehes. S

The coarse sandy soil represents not only itg kind, but also any well-tilled soil; while, on the other hand, the adobe soil illustrates
the case of any compact soil, whether naturally so or rendered so by imperfect tillage or the prevalence of carbonate of soda. -The extreme
glowness of the aseent of the water toward the end of its possible rise shows why a poorly-tilled adobe soil will open into gaping eracks
a short time after the cessation of rains; while a well-tilled soil, maintaining both & guicker supply from below and a slower rate of
surface evaporation, may maintain moisture throughout the dry season. At the same time it informs us that sandy soils stand in egpecial
need of a more dense anbsoil, capablerof drawing up moisture from greater depths than it is possible for a sandier mass te do, thus
supplying moisture o the roots of plants, while allowing but little surface evaporation. As between tho same soilin a state of tilth or
such eompactness as would -result from packing by heavy rains, experiment has shown that the rate of ascent is in clay soils easily -
reduced to one-half or even less. ) :

Tho many and somewhat complex bearings of this subject on the chief varieties of soils in the alkali region will form the subject of
farther investigation, now in progress. Oue point, however, may even now be usefully discussed, viz, that while it is certain that water
applied to a coarse sandy soil, at the depth of 24 incles, cannot reach the surface at all, and can, therefore, evaporate bt very slowly,
and not in snch a manner as to accumulate alkali to an injurious extent mnear the surface, it does mot, therefors, follow that in order to
producs the same result in the adobe or'silt soils the water has to be applied at the maximum depth of 50 inches; for in a field plauted
with any growing erop the leaves of the latter cvaporate a very large amount of moisture, thus intercepting that which would otherwise
rise to the surface and evaporate fhere. Thisis a matter of every-day oxperience. 'The inference is, that ditches or pipes designed for
sub-irrigation would not in such soils require to he laid to any unreasonable depth in order to prevent the rise of alkali resulting from
surface evaporation. . : N

It is obrvious that in this conneetion the subject of sub-irrigation by means of a system of pipes, of whatever material, acquires
exceptional interest for the allali distriets, since its judicious use would not only obviate therise of the alkali, but would also accomplish
a groat saving of irrigation water——the labtter being a matter of especial importence where the water itself is somewhat tainted with
alkaline salfs., That this system is not likely to he used in connection with the growing of field crops on a large seale is true, since
the expense of the pipes is too great for any land not yielding very high returns; but whei the continued rise of the alkali renders lands,

* intrinsically fertile, incapable of further produetion under the sysfem of surface irrigation, the owners will needs have to take tl}eir
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choice betwaen its abandonment and the adoption of such systems and objects of eulture as will yield them profitable raturns under the
circumstances. The oulture of cereals must * go to the wall”, and that of grapes, fruits, and such other crops as can be made to yield
high returns under intense culture must take its place. It isnot, perhaps, unreasonable to hope that the improperly so-called ¢¢ agbestine”.
sub-irrigation pipe (consisting of hydraulic cement pipe, that can be cheaply and rapidly laid by a special appliance, at an expeuse not
exceeding, it is said, $35 per acre) may hecome so generally available by the home manufacture of the material as to form a practical
solution of this great problem.

It should not be forgotten that, with a slight change in the manner of laying and outletting, this sub-irrigation pipe may be made
to serve also for underdrainage; so that land provided with it could be completely leached of its surface alkali by flooding during the
season when water is abundant. )

LAKE #ND RIVER WATERS OF THE GREAT VALLEY, AND THEIR QUALITY FOR IRRIGATION PURPOSES.—In the foregoing discussion of
the “alkali” guestion it has been tacitly assumed that the soluble salts already in the soil alone need to he considered, the water used in
irrigation being regarded as pure water only. This, however, is far from being actually the case with any natural water, and in the alkali
districts especially tho irrigation water is almost always more or less impregnated with the very same salts whose presence in the goil is
so objectionable, It is obvious that, when the amount of salts so added anmually is at all considerable, it may ultimately so swell the
quantity in the soil as to give rise to trouble. My attention was first divected to this subject by reports from the lands bordering upon
Tulare lake to the effect that, although to all appearance of the best alluvial charactoer, they would either not produce at all from the
outset, or else would cease tio produce after a few years when irrigated with the water of the lake. The beginning of the investigation of
this subject was given in the report of the California College of Agriculture. A soil from the southeastern corner of the lake had been
analyzed and found to contain in abundance all the elements of fertility; yet it would prodnce nothing, and that under eircumstances
which led me fo believe that the trouble was caused by alkali (carbonate of soda ) contained in the soil. Analyses seemed to confirm this
aupposition, but-at the time the report went to press the water of Tulare lake itself had not been examined. Water samples were soon’
afterward received and analyzed, and the result showed it to contain so much alkali of the most corrosive character asto render it utterly
unsuitable for irrigation. It then Lecame apparent that one of the great bedies of water in the state that had been counted npon for
irrigation purposes might have to be altogether rejected. The importance of the guestion led me to make the matter the subject of
speelal inquiry during a visit to the upper valley, made under the auspices of the United States census, in Mareh of the present year.

A personal examination of Kern lake, and of the region lying between it and Buena Vista lake, as well as of the Mussel Slongh country,
in Tnlave county, satisfied mo that in none of these rich agricultural sections could the slightest increase of alkali ba safely risked; and
analyses subsequently made of the waters of both Kern and Tulare lakes prove that a very few years’ use of the water now filling either
of these reservoirs would be promptly fatal to the productiveness of the lands irri gated. As regards Kern lalke, this is obvious enough from
4 casual examination and tasting of the water. Faving been shut off from the natural influx of Kern river for a number of years, it has
been rapidly,evaporating and receding from its former shoves, so that at the time of my visit a difference in level of over four feet had
been produced in fifteen months, leaving high and dry a boat wharf built at that time. Alout eighteen months before all the fish and
turtles in the lalke had suddenly died, creating a pestilential abmosphere by their decay, and even the mussels were mostly dead, a few
maintaining a feeble existence, A strong alkaline taste and soapy feeling of the water fully justified their choice of evils. The tule
smarsh, laid dry by the recession of the lake, was thickly erusted with alkali, and the tules were dead, except where still moisteried by

- the water of the lake, showing that the latter was not yet too strong for such hardy vegetable growth, albeit fatal to animal life.

Buena Vista lake was stated to be in asimilar condition, but not yet quite so far advaneed in evaporation, and still maintaining some
animal life in its waters, having lost its connection with the river more recently, Tulare lake is well known to be full of fish, and as it
annually receives the overflow of Kern and the regular inflow of King’s river its evaporation and recession has been much slower; yob
its water’s edge is now distant several miles from the former shore-line, and as the water of the rivers is more and more absorbed by
irrigagion it will doubtless continue to recede until a point is reached. at which the regular seepage from the irrigated lands will balance
the evaporation. This epoch would seem, however, to be quite in the future as yet, for the rate of recession has, apparently, not sensibly
changed in the last few years. .

It is not likely in any case that the water of the lake will be more abundant or less impregnated with mineral matter than is now

the case at the time when the state of equilibrinm shall have been reached. In order to assure a fair determination of this important

point water samples from the opposite ends, as well as from the middle of Tulare lake, have been analyzed, with the results given below,
Thesample of Kern luke water was taken by myself on the north shorg of the lake, March 24, 1880. Tulare lake water No. 1 was taken
about 300 yards off shore, near the southeast corner of the lake, inside of Root island, near land lately reclaimed by Mr. E. R. Thomason,
of San Francisco. Samples Nos. 2, 3, and 4 were taken, aceording to my directions, near the middle of the lake, under orders of the King's
River Canal and Irrigation Company, respectively at the surface, at 10 feet depth, and at 20 feet depth. Of these, only one (No. 3) was

-fully -analyzed, the total of solid contents only being determined in the case of the others, whose composition could not, of course, differ in

any material respect. No. 5 is water taken by Mr. E. Jacob, of Visalia, 2t a point off the month of Mussel slough, in the estuary of King's
river, March 23, 1880, The sample was taken from the surface at a time when a strong northwest wind prevailed, which of course had a
tendeney to bring a larger admixture than usual of the fresh water of King's river,

Composition of the waters of Kern and Tulare lakes.

[Gfuins per gallon.]

. Carhonntes
Totlnl Cmfrrbognte angg‘:ﬁm%%r's of lime and Veg%t{'mbla
Tesidne. of soda. e magnesia, matter.
salts, oto. | g Faiticn,
211. 50 64,37 115.41 9,29 . 22.43
1 " 8L49 27. 52 37.85 18,44 2,28
2 : 81.95 85. 80 35. 96 5.57 5,32
8. Tulare lake, middle, 10 feet helow surface...... .. , 8L83 30.46 89.49 7.47 4.41
. 4. Tulare lake, middle, 20 feet below surface -........... L | O VOt RO PO
&, Tulare lalke, near mouth of King'sriver............... 38.65 | 13.46 15.01 511 4.97

To eonvey to those unaccustomed to the consideration of such matters an idea of the meaning of the above figures, it may be stated
that the solifl contents of river waters vary usually from 5 to 12 grains per gallon. The water of Tulare lake, where it is undiluted by
the inflow of King’s viver, is therefore about ten times, and that of Kern lake about twenty-six times, stronger than-an average river
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water. Even this, however, conveys but an inadequate idea ef the rolation sustained by these waters to organic life. The average
sea~water (containing mainly common salt) is about ten times stronger than the water of Kern lake as regards its solid contents; yet
in sea~water fresh-water fish live freely dgring part of the season, while in Kern lake the fish died at a time when, according to a
minimum estimate, the water must have had about twice the strength of Tulars lake, or about one-thirteenth of the strength of sea-
water, This shows strikingly the deadliness of the Kern lake alkali as compared with sea salt, or, in other words, of Kern lake water
‘a8 compared with tide-water,

In comparing the quality of the alkali of Tulave lake with that of Kern lake we find that in the former the proportion of the
carbonate of soda (being the chiefly injurious ingredient) is about 1 to 2.83 of the whole solid contents, while in the latter this ratio is
1 to 3.28,

A part of this difference is, however, due to the large amount of vegetable matter dissolved in the SthIlE, lye filling Kerm lake ; and,
when allowamce is made for this, the ratio becomes nearly the same in both waters.

As regards the relation between common and Glanber’s salt on the one hand and carbonate of seda on the other in these several
cases, it appears that in the evaporation process there is a gradual relative decrease of the carbonate of soda, for we have for this ratio:

Locality. Carl;gatzf" of nngJ ?}S:anflﬁgr's
Tulare lake, near mouth of King 8 river........ reeeaes 1 L11
Tulare lake, middle : 1 1.20
Tnlare lalke, 8outh end.ceecnsouiaiioiisnuiaunnciensnaen, 1 1.35
Kern lake.....cvanvnsnan M semavacasresnnartnseanninnasnas 1 1.78

‘Whether this change in composition arises from a chemical change of the carbonate of soda or from an actual accession of the other
salts is not easy to determine. The latter is the more probable explanation, inasmuch as actual veins and strata, several inches thick,
of what from the description appears to be mainly Glauber’s and commen salt Lave heen found in the region between Tulare and Kern
lakes in digging ditches. But whatever may be the cause of this slighti difference in the composition of the alkali in the different portions
of Tulare lake, that difference is not sufficient to invalidate the bread conclusion that the water of that luke, as at present existing, is
unfit for any of the ordinary processes of irrigaiion.

To prove this it is only necessary to consider what is the amount of the alkali that, under the usual practice, would accumulate
near the surface. Ten inches of water is the usnal estimate of wliat is needed in the course of the year to perfect a crop. Nbw,1 gallon
of water will cover about 14 square feet 1 inch deep, or 1wo-thirds of a gallon 1 square foot, or 63 gallons per square foot is equal to 10 °
inches depth of water. Assuming the average solid contents of lake Tulare water at 80 grains per gallon, this quantity, upon evaporation,
will leave near the surface, upon each square foot irrigated, 533 grains, or about 1y-ounces of alkali. This amount, pulverized and strewn
over the suxface, would cover the whole of it thickly with a white deposit—a phenomenon already but too familiar to the farmers of that
region. That the operation could not with impunity be repeated many years on any soil, least of all on such as are already more or less
"chm'ged with allali, scarcely requires discussion.

To illustrate the latter point, a tule soil, taken by Mr, E. Jacob, of Visalia, from his land near the mouth of Mussel slough, was
lenched with waber to ascertain the amount of allkali present, This was found to De 0.32, or about one-third of 1 per cent. Of this,
supposmg it to be of the same composition as that found in the water of the lake, about three-eighths, or, otherwise expressed, one-cighth
of 1 per cent, of the whole soil is carbonate of soda, amounting to over 2 ounces in each cubic foot. This is within the limits of enclurance
of ordinary vegetation, at least in so fertile a soil; but double or triple it by evaporation, and that limit is passed.

- To this conclusion, nevertheless, it is objected by some that the borders of Tulure lake are thickly edged with vegetation in many
places, and that in some cases garden plots have been suocecesstully irrigated with the lake watex for several years. One such case is
reported by Mr, JacoD, of Visalia, who took sample No. 5 of the table of analysis from the mouth of a small canal serving for the
irrigation of a vegetable garden, which was doing well dt the time. A few other similar cases have been mentioned to me. These,
however, do not invalidate at all the conclusion that the lake water cannot serve for general irrigation as usually practiced. Even the
gtrongest water in the lako, near its southern end, is not so strqng asto injure the roots with which it comes in contaet solong as it is not
concentrated by evaporation. But in the low tule lands thus far tried this eannot occur to any great extent, on account of the constant
presence of surplus water and the frequently repeated irvigation, by which the strength of the allkali in the soil is kept helow the point of -
injury., Itwould be quite otherwise where the same water, used sparingly two or three times during the season, would evaporate so 48 o
acoumulate all its alkali Dear the surface; yet it is probable that if the soil so irrigated were to be leached by o very copious and continued
flooding once a year, 80 as to carry the accumulated alkali into the underground drainage, the water might be used with impunity., This

~ would be especially the case with land underdrained, and could be more readily accomplished the smaller the amount of water originally

used. ‘The minimym amount, undoubtedly, would be the outcome of pipe sub-irrigation, and would be applicable to the case of orchards,
vineyards, ete. It might even be possible in some cases to make the same pipe system serve the purpose ef irrigation at one time and
that of underdrainage at another; biut, in whatever way accomplished, a leaching-out of the alkali, accumulated from’ evaporation of
such waters from time to time, would be a necessary condition of their continued use for irrigation purposes.

This prineiple applies, in fact, to many mors cases than is ordinarily supposed. Irrigation, without proper provision for drainage, has
in the past, in very many cascs, been the cause of the abandonment of lands, once abundantly fruitful, which were supposed to be
exhausted by culture, but in reality had simply become overcharged with injurious salts, or alkali, from the ever-repeated evaporation of
enormous (uantities of water, whose solid contents, though naturally very small, had nevertheless been too strongly concentrated in the
soil. -This naturally leads us to the consideration of the river waters of the San Joaquin valley zuul their relation . to the origin of the
alkaline eharacter of the waters and soils of the upper valley.

Geological history of the valley of California.—That the great valley of California was in remote (Quaternary) times a great inland
lake, which disappeared in consequence of the breaking through, first, of Carquines straits, and afterward of the passage of the Gelden
Gate, is a matter scarcely doubted even by the casnal observer. A glance atthe map also shows that, from, some cause not yet fully
understood, there exists in the southern part of Fresno county a ridge across the valley by which the waters of King’s.river are thrown
southward into Tulare lake. At present this ridge is intersected atb its western end by Fresno and other slonghs, through which the
gurplus waters of Tulare lake or of King’s river can find their way into the Sun Joaqnin. . But previonsto the formation of this outlet
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tho entire upper valley evidently was a shallow lake, of which Kern, Buena Vista, and Tulare lakes are the remnants. From the data
given below, it appears certain that the entire lake of the great valley had a somewhat alkaline water; and they also show that prebably
the residuary lnke of the npper valley was more strongly so at first, and rendered more so in the course of long perivds of evaporation,
during which ‘“sheets of alkali” (to use the langumre of the workmen who dng the Kern cmml) wero fornied among the alluvial deposits
of the western margin of the valley.

It is only thus the fact already allnded to, viz, that the deeper portions of the Kern valley alluvium are most strongly impreguated,
cun find its explanation. Whence did all the alkali come? A partial answer to this question is readily found in the frequent ¢ blooming

.out” of soluble salts on the face of hillside cuts, Evidently a good deal of such salty matter pre-exists in the geelogical strata of the
valley, and must be continually washed out by percolating water, which carries it into the lower portions of the country, and finally into
the lakes themselves. But it would be difficult to account for the lange accumulations of these salts in the Kern valloy if there were not
gome more copious and lasting source. For this we would naburallylook to Kern and King’s rivers themselves, and analyses of the waters
of these rivers were accordingly made, with “$he results given below,

Analyses of waters of the great valley.—At my suggestion, an investigation of the waters of the chief rivers entering the valley between
King’s river and the Sacramento was undertaken by Mr. Horace G. Kelsey, of Merced Falls, as a graduating thesis at the University of
Oalifornia. This includes the results given below under Nos. 12 to 15, both inclusive. The analyses of the water of the Sacramento
and Los Angeles rivers were made for the state board of health by Mr. Walter Jones (of the class of 1878, University of California)
and published in the report of that body for the year 1878,  To facilitate comparison, the table includes again the analyses of the lake
waters already given above, and also an analysis of the water found a few feeti beneath the surface at Point of Timber, Contra Costa
county, near the junction of the San Joaquin and Sacramento, in such abundance as to suggest its use for irrigation. ’

No. 1. Water from Los Angeles river, taken from a hydrant in the city of Los Angeles, September, 1878,

No. 2. Water taken from the grand cafion of Kern river in April, 1880, )

No. 3, Water from irrigation diteh of the Kern Valley Irrigation Company, taken at a point 2 miles helow Bakersfield, Both the
above sgmples were furnished by the superintendent of that company. The water at that time was just beginning to receive the melting
snows, and was slightly turbid, and of conrse somewhat diluted, as compared to its eondition in winter.

Nos. 4 to 10 have been described as above. ‘

No. 11. Water taken from King’s river at Kingsburg, June 19, 1880, by Mr, J. D. Schuyler, of the state engineer cprps.f

No. 12. Water taken from King's river at Kingsburg, in November, 1880, before any rains had fallen.

No. 13. Water taken from the S‘m Joaquin river at the crossing of the Southern Pacific railroad, in November, 1880, after the fivst
raing; perfectly clear. .

No. 14. Water taken from the Merced river at Snelling, Merced county, in Deeember, 1880, after the first rains had raised the river
glightly above the lowest water-mark. It was slightly turbid with clay, which filération could not remove, but was eliminated after
evaporation.

No. 15. Water talken from the Mokelumne river at ‘Woodbridge, San J onquin county, in November, 1880, after the firat 1a1n, wliel
had slightly raised the river. Water slightly opalescent from suspended clay, and residue corrected for same; as in No, 14

No. 16. Water of the Sacramento river, taken from a hiydrant in the city of Sacramento, September 19, 1878. The date have
been recalculated from the published results, so as to conform to the mode of presentation here qdopted which explains the apparent
discrepancy of the tables as here given.

No. 17. Water from a well at Point of Timber, Contra Costa county, furnished by Mr. T. W. A. Carter, of that place,” This water
is found abundantly about 8 feet below the surface in that region, and, if available for irrigation, could be obtained inunlimited
quantities by pumping, but the inhabitants stated that it *‘ would kill the goil”,

Analyses of waters from the San Joaquiﬁ valley. .

[Grains per gallon, }

Total residue, || CeBonAte of. 'G?glﬁ)%lro‘g :ﬁ?s, g;;fg gﬁtﬁfmg,f Vegetallomat-
soda. ote. nesiaand silica.
1, Los Angelesdver..‘.....".....; ..................................... R 14,80 . v ieeans 8,48 [0 N0 R S
9, Korn river (CATONY.coceomeemeranasresannnnnmraces e 9,49 | 1.92 1.77 5. 66 0. 95
3, Kern river (ditch).coueieiaeroariinnioanionaias . 9. 62 1,23 291" 583 0.88
4, Kern1ake .covevvmmesionmricnmocaaaccaaacssnnnes -211. 50 64. 87 115,41 9,29 22,43
5. "Pulare lake (south end) . veeerecnnneaennnn : 84, 44 21,92 | 87. 86 18. 44 2,28
8. Tulare lake (middle surface) ....cocevnnnan . : 81,95 35.30 35, 96 587 5.32
7. Tulare lake (middle, 10 feet below surface)....:.. .- 70, 36 30.46 . 98,10 7.39 4.41
8. Tulare lake (middle, 20 feet below surface) BL T2 Hlueeeneaconcuanusisemcsesanisnass|amenntasosnennaijeanrecinenannas
9. Tulare lake (near mouth of King's river) ; 38, 55 15,01 6,11 4.97
10. Tulare lake (near cutlet of west side canal, 10 feet bolow SULACE) . v eneenacarenes 76, 00 . 33.05 . G, 60 4.50
11, TNgE'S T9VEE (TUNB) wevunnnnnarrnameeeaamsecansmssssosrnemass sttt naions [ 418 |lieeaemnlonnnns 0. 86 B0 feeniieraanonanes
12. King’s river (November) [ I SN S, M- 0,190
13, San Joaquin river 4,54 0.15 2.15 | 0.88
14, Merced river..-....... temtennameaensan © 5,64 0.09 W £ 3 PO )
15, Mokelunne river. ..... RN A | RO 0. 42 4,42 3.70
16, Sacramento Tiver- oo cvociieiiiiiie e s 6.60 0.27 4,08 2041 [oeeaenanieens
17. Point of Timber (San Joaquir delta), well water 67,756 10.83 |7 48,41 | - 7.41 1.1@
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The following table shows more in detail the composition of three of the waters given on page 71 in a general manner:

Tulare lake,

. . Ingredionts. Lc&sv 1%%%31&? ' ?&Sglﬁélg? Sﬁ%[;'!?;xéso
river water. surface. hydrant.
' Grainapergal,| Qraing per gal.| Grains per gal.
Carbonate of 803, - . occueecavsscrenvmsarmesensmranmannslinnee memeaaacss 80,46 0. 27
Chloride of sodium (common salf) «ceecncevacievaianoat 1.00 20,27 } 149
Sulphate of sodinm (Glauber's salts) ... . 4,14 7.54
Carbonate of imo.......... . 0.38 2.49 0.31
Carbonato of magnesia ... . 4.20 e 421 0.25
BILCR - e ees e e ec e ee s rarir e e aa e 1.17 0,60 185
Sulphate of ime «.caveeueaniiimastosiammmrarancmnana, 0,78 |iacnrenrnnianann 0,42
Phosphate of lime 2,18 Jieeccianarinnns 1.48 &
Iron and manganese cmbouates 0.20 |eemenriannes 0.63
ANIMINA. .ot e ciemenerneent rassaerinnaaaas Y e 0.10 0.29 0.07
RZT(0 ) U R T10 71 7) YU OISPE ISP L0 A
Botal PeBIANG - oo ii i eaieas 14,80 70, 36 6. 70

In discussing the quality of these waters in refercnce to irrigation it must be understood that the group of ingredients mentioned
in the fourth column of the first of the above tables, viz, carbonates of lime and magnesia and silica, are not only nseful to vegetation, or
nnobjectionable, but ave also very soon deposited and retained in the soil. We therefors leave them out of consideration so far as the
alkali question is concerned. For this the earbonate of soda and the salts mentioned in the third eolumn are of chief importance, and
among these the corrosive earbonate of soda is the most noxious by far. The prominent facts shown in the above table may be thus
stated : The water of the Los Angeles river, though containing a large aggregate aniount of solid ingredients, has none of the carbonate
of soda, but only neutral and earthy salts, of which a very largo amount only is injurions. Thisfact, together with the perviousness and free
drainage of the lands irrigated, explains why it is that even those which have beenlongest under cultivation and irrigation in that region
do not show any serious increase of alkali, and may never dosoif abundance of water is used, at least from time fo time: But as irvigation
water becomes mora closely utilized and relatively more scarce the leaching process will oceur less frequently, and the acecnmulation of
alkali salts near the surface will become more and more apparent.

In the water of Kern river the proportion between the carbonate of soda and the other salts is almost the same as in the water
of Tulare lake, in the proportion of about 1 to 22. In other words, if 22 gallons of Kern river water were boiled down to 1 gallon, the
alkali in this water would, in quantity and quality, be the same as in the water of Tulare lake; and if this gallon was still farther
reduced to aboub three pints and a lialf, the remaining water would have about the composition of the twater of Kern lake, as it was in
Mareh, 1880. Comparing the water of King’s river with that of Kern river, we find that in the latter the aggregate amonnt of solid
residue in the water is less than half that found in Kern river. This, however, is to some extent due to the season at which the water
was taken, it being then diluted with snow water. For purposes of comparison we should take the figure obtained for the residue in
November, when the solid contents were at their highest amount. But even on this basis we find that the amount of carbonate of soda
in the King’s viver water is utterly insignificant, being not yet one-hundredth of & grain per gallon, against about onoe and a quarter grains
per gallon of Kern river water, while on the same assumption the percentage of other soluble salts is about twice as great in the latter.

Of the other rivers of the valley the San Joaquin shows the highest amount of carbonate of soda, but yet only about one-third as

. much. as Kern river. The Merced has less than one-sixth as much of the same, the Sacramento less than one-fourth., Between the latter
two we find the Mokelumne with none at all, there heing some chlorides of magnesium or caleium in solution to the extent of about one- ‘
tenth of a grain per gallon—an insignificant amount. The water of the Los Angeles river likewise is free from carbonate of soda; but
its aggregate of soluble salts is somewhat high, exceeding in this respect even Kern river by 14 grains, It is credited with a very large
proportion of phosphates, as is also the Sacramento river. In the other analyses made these were not determined for want of material.

Tt appears from these comparisons that of the streams examined the Mokelumne has naturally the best water from the irrigator’s
point of view. King's river comes next, with a water whose purity is the more remarkable, as its sources lie so near those of the Kern.
The Merced comes next, having somewhat less of the objectionable carbonate of soda than the Sacramento; but if corrected with gypsum
its waters would be placed at head of the list as the purest of all. The San Joaquin river has the smallest total of solid content of all
the waters taken at the same season, but contains over twice as much carbonate of soda as the Merced; if corrected with gypsum, its
water wonld contain less than half as much of soluble salts as that of the Sacramento, one-half legs than King’s river, and only one-fifth
ag much as that of Kern river.

It will thus be seen that the correction of the irrigation waters of the valley by means of gypsum would in all cases but that of the
Mokelnmne effect a very important improvement as regards the safety of their continued use on soils of which but too many have already
ihe full dose of alkali compatible with profitable cultivation. The change could doultless be easily accomplished by interposing, at
suitable poiuts in the ditches, sluice-boxes filled with coarse fragments of gypsum, renewed from time to time as the action of the water
couverts the gypsum into earbonate, or common limestone ; or the gypsum may be applied to the soil itself, and thus Dbe made to neutralize
not only the soda of the irrigation waters, but also that in the soil itself, at the same time introducing a useful fertilizer. The amounts to
be thus used may effectively vary, according to cirenmstances, from 200 to as mueh as 1,000 pounds for the first application, smaller doses
to be used thereafter ab such intervals as experience may dictate. Precautionary measures of this character should be employed as soon
as possible by the inhabitants of the fertile valley of Kern river. Those using its waters should keep in mind that their evaporation adds

- annually to the alkali already in the soil a small but not inappreciable amount, which in some cases may, after a few years, prove
“tho straw that breaks the camels back?”; and that therefore some of the means mentioned as remedies against this kind of allkali
especially should be currently employed to keep it in abeyance. Tillage after irrigation, the planting of deep-rooted crops instead of
grain, and the use of gypsum as a neutralizer of the worst ingredient, the carbonate of soda, are the measures that suggest themselves
as the most feasible; while sub-irrigation, and especially the leaching out of the alkali from time to time by long-continued flooding and
underdrainage, are more radical remedies for faoture use. ;

The water from Point of ‘Timber offers some interesting points, suggestwe of a state of things that mzny have to be taken into
consideration i all plans for the irrigation of the west side of the San Joaquin valley. From its location, this water might have been
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conjectured to derive its ingredients from tide-water percolating intothe loose strata. So farfrom this, its composition is closely analogous.
to that of the water of Tulare lake, except that the proportion of carbonate of soda is considerably less, and therefore it is not likely to
Dbe as injurious in its effects on vegetation. Yet the inhabitants report here also that to irrigate with it “kills the soil”, 4. e., rendersit:
unproduetive. It will doubtless do so when applizzd in small quantities only, and repeatedly; but it is likely that if used as suggested:

in the case of the Tulare water (that is, so as to leach the alkali out of the soil once in a season into the underlying water-table) it mighﬁ

Dbe successfally employed for irrigation, especially if, at the same time, the carbonate of soda were neutralized by the use of gypsum.. If
it be thought too fanciful to suppose, as has heen done, that the alkali-water stratum at Point of Timber represents the seaward sespage:
of Tulare lake itself, it is nevertheless quite probable that it docs represent the quality of the underground drainage of the west.side of
the San Joaquin valley, and is connected with the persistent appearance of ¢ alkali spots” at every low plaee in the valley, from Antioch.

up to Kern lake, : : '

With the lights now before us, it can bardly be regretted that the old Westside ditel, which was to irrigate the lower country with
the corrosive waters of Tulare lake, was not successful. The lake level is now several feet below the bottom of that outlet, and the lake-
Xeeps receding annually, and its alkali becomes stronger as the mass of the water decreases. It is difficult to sy where it will stop;: but
if, as s probable, a state of equilibrium is reached whenever the waters of Kern and King’s rivers shall have fully filled the parchied.
depths of the plains by a more general system of irrigation, it is not at all probable that the lake water will thereby becomo fresher ;. on
the contrary, such seepage water will be likely to bring into it the alkali now dried up in the lower strata, and the annual evaporation:
will concentrate the solution more and more. It would certainly be most desirable to utilize the lake as a great reservoir for irrigation
supply; but to render this practicable it would be necessary first to empty out or displace the mass of alkaline water ab present
oceupying the basin. The diséussion of the feasibility of such an undertaking, however, belongs to the province of the engineer corps..

From the facts above given regarding the alkali soils and irrigation waters of California the importance of investigating thoroughly
not only the quantity but also the quality of the waters available for irrigation in the arid regions is sufficiently obvious. The facts as-
nature has made them should be elicited and plainly set before the people, so that meney may not be invested in useless undertakings,or-
damage done which it may be difficult to undo thereafter. There are, probably, but few river waters in the world of such composition
or natural purity that continued irrigation without corrélative underdrainage can be practiced without in the end causing an ibjurions:
accumulation of soluble salts in the soil. In Indis, according to the testimony of Professor George Davidson, the evil effects of such practice-
have become painfully apparent, and to such an extent that after the expenditnre of enormous sums for bringing the water upon the
fields the government now finds itself faco to face with the costly problem of its economical removal, by drainage, so as to reliove- the-
soil of the accumulated ¢ alkali”, which has rendeved it unfit for cultivation. "An early attention to this matter, with sueh foresiglit as.

“will prevent the opcurrence of similar diffieulties, cannot be too earnestly recommended to all interestod im lands needing irrigation from.
the Pacific coast to Colorado and Kansas. ‘

v

COTTON CULTURE IN CALIFORNIA.

HisTorY.—Itis stated, and is in itself extremely probable, that the missionary padres intreduced the eotton.-
plant from Mexico along with other culture plants ; but no definite data on the subject are extant. Asa textile:
fiher for home nse the wool of sheep was mainly resorted to, the methods of production being better adapted.to-
the indolent habits of the domesticated Indians, as well as to those of their Mexican successors.

Cotton culture began to attract considerable attention in California in 1856, at which time a premium of $75:
was offered by the State Agricultural Society for the best acre of cotton. How long previous to that time its.
culture was engaged in to any extent is not known, but it was doubtless made the subject,of experiment in very
small tracts for a year or two. At the annual meeting of the society in that year no award seems to have been
made, and the visiting committee reported that in their visits to different parts of the state they had seen a patch-of’
cotton of extra quality at Monte, Los Angeles county, containing less than an acre; they thus leave the inference-
that no other growing cotton was seen by them. The president of the society, in his address at the same meeting,.
casually spoke of cotton culture as a suceessful experiment.

In the next year, 1857, the following report was made to the society by its committee of awards on sugar-cane,.
tobacco, and cotton: : ' _

The committee also examined the several $pecinens of cotton, and, as with the cane, we have to report the successful growth ofi this-

. great staple. We also examined in contrast Georgia upland cotton, and the growth in this state from seed taken from the same parcel,.
and the improvement in fineness of fiber of the native growsh over the imported or Georgia grown was manifest and striking;: and in
this we have the concurrence of experienced spinners from the east, But the staple of the native is not quite so long, thoughdnlly as.

strong as the Georgia cotton. This we attribute altogether to the lack of moisture in the earth where it grew.
Cow # #* . * * # *

Several other samples examined rate as fair upland, The one from Slocum’s Bridge has the advantage of staple and texture over-
any of the others. The samples grown in Los Angeles county are equal, if not superior, to the best Mississippi or Louisiana eotton, and.
-of course superior to all others, and one grade below sea-island cotton. This sampleis not of the sea-island seed, bnt of the griy Retit.
-Gulf kind, proving conclusively the perfect adaptation of our climate and soil.to the prodnction of the very finest staple. ‘

This last sample was grown on a loose soil, and was probably some of that seen growing the year previous by
the committee. Samples of cotton grown in Shasta county this year were on exhibition also in San Traneisco.

In the following years, although premiums were offered by the society, no awardsseem to have been made,. and.
only slight mention is made of cotton until 1862 (except in Kern and Sacramento counties in 1859), when. the-
legislature, under the initiative of Mr. Robert Strong, of Merced, offered the following premjums: For the firsts LOG-
bales of cotton of 300 pounds each, $3,000; for the same guantity produced in the first, second, and third succeeding.

years, $2,000, $1,000, and $500, respectively. Other premiums were offered for cotton cloth.
' 731
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" At the next meeting of the legislature a supplemental act provided that one-half or one-quarter of these
premiums should be paid to any person producing one-half or one-quarter of any of the quantities named in the
o{‘iginal act. No awards seem to have been made, or even applied for, until 1865, when Mr, Mathew Keller, of Los
Angeles, plantéd and raised 108 acres of cotton and received on the 22d of December the state premium of $3,000.
In the same year there were a number of other eofton farms in the southern part of the state, one of 130 acres on
Kern lake, in Kern county. The acreage for this and Los Angeles county was estimated at 450 acres, the average
yield being one-third of a bale per acre., In Fresno county a farm of 100 acres was reported on Upper King’s river,
in Merced county, at Snelling; another of 100 acres on Upper King’s river, in Fresno county. .

In 1866 the report of the agricultural society reviews the subject of cotton culture as follows:

The history of the cultivation of cotton has also been an anomalous one in this state. Experiments on a small scale had bheen
made for a pumber of years in different sections with gratifying success. Encouraged in part by these results, and in part by the very
liberal Lounty offered by the state for the first production in large quantities, several parties in the southern counties planted quite
extensively in 1864, They all lahored under adverse circumstances, Their seed was in great proportion of those varieties not adapted
to our climate, being of the large, late varieties and of a poor quality, rendering replanting to a great extent necessary. As the parties
veferred to were competitors for the state bounty on a hundred acres, they strained every nerve, but more to secure the number of acres
speeified to Le planted than to insure a proper cultivation of the erop after it was planted. But, notwithstanding all these unfavorable
«circumstances, they all produced s more or less ereditable crop, those portions of their fields which were planted with the Tennesses
upland and Petit Gulf seed making excellent crops both in respect to quantity and quality. One of the parties alluded to, in a letter to
the secretary of this Loard, says: “The sum of our experience may be considered to be: First. That the Petit Gulf and the Tennessee
‘may be considered the safest and most profitable, and should be planted as sarly as frost will allow. Second. That the low bottom and
tule lands of the state are well adapted to the raising of cotton. Third. Thatfrom the hardy nature of the plants but little skill is
required in irrigation, and that much less water is required than would be ngcessary in the successful eultivation of corn. Fourth,
‘That the seasons in California are especially favorable to.the production and the harvesting of cotton.”

In this year cotton was raised at Folsom, Sacramento county, In 1867 68 one-half acre was pl'mted in Lake
county, which yielded 50 pounds of lint, while in southern counties there were a number of cotton farms. In 1871
Colonel J. M. Strong, whe had been experimenting on cotton culture since 1864, planted 100 acres of cotton on the
Merced river lands, The seed was carefully selected, and, though plwnted on the 20th' of June and cultivated only
once, the yield was about 750 pound$ of lint per acre. Prcwous crops on a smaller area and with mdlffewnt seed
had given him with one eultivation a yield of 500 pounds of lint per acre.

. In this year cotton was produced also on the red-clay lands near Sacramento, on Butte slough in Sutter

county, and on the tule marshes at Knight’s landing, Yolo county. At the latter place the sea-island variety was
planted; it grew to a height of 5% feet, but did not mature. On Cache creek bottom, in the same county, cotton
grew 4 feet high, some of the stalks having each 200 bolls.

An experiment was also made at Coloma, in Santa Barbara couuty, but the cotton was pl(mted on June o, and
did not mature well.

In 1872 the largest acreage of cotton was in Merced county, nearly 700 acres being planted in the vicinities of
Snelling, Hopeton, and Mariposa creek, and two farms of more than 200 acres each were reported; 140 acres were
planted near Bakersfield, Kern county, and smaller tracts in other southern counties. Cotton-ging were erected in
Merced and Kern counties. ‘

In 1873 the cotton acreage in Merced county alone tas estimated to be from 1,500 to 2,000 acres. On the 11th
of May of this year the first export of cotton was made from California, the Buckley Brothers, of Merced county,
shipping 22,886 pounds by the ship Ontario to Liverpool. Among this was a small lot of Nankin cotton, which
received high commendation at Manchester. The seed of this, however, has since been lost. The culture of cotton
has been steadily continued on the Merced bottom farms ever since, with an acreage ranging from 350 to 500 acres.

The targest experiment in cotton planting ‘reported from the Sacramento valley between 1872 and 1881 was
that of Mr.J. L. Jackson on bottom land of the Sacramento river, in 1876. He planted 180 acres, and obtained a
stand on 160 acres. Cultivation was somewhat neglected, and the cotton was not all picked, most of it only once.
The product was 30,000 pounds of lint, or about 188 pounds per acre. The staple, of which samples were seen
by me, was excellent, A number of smaller plantings were made in the same region allout this tnne, but the want
of a home market, disconraged a continuation of the culture. =

The personal observations made on the occasion of my visit to the Merced cotton farms in 1879 are given below
in conmeetion with the cultural details. The total acreage at that time was 375.

The following year (1880) a fleld of about 60 acres was planted at Belleview ranch of Haggin & Oarr, in Kern
county. This experiment was of especial importance, because covering a tract of land which, under continued
surface irrigation, had become so strongly impregnated with alkali that it failed to grow wheat any more, and also
becanse of a caretul record kept of the cost and returns, which is given on page 76, from an article in the Pacific Rural
Press. The financial exhibit there given is not very flattering, as might be expected the first year of trial; but it
is a great deal better than could have been obtained on the same field with wheat. In any case, the outcome has
been sufficiently satisfactory to induce the planting of a considerably greater breadth.

In the Mussel Slough region of Tulare county also some excellent samples of cotton were grown in 1881, and "
as the ‘“alkali question” becomes more pressmg and interferes with the success of wheat culture it 1s likely that
cotton will becoms a favorite crop.
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Experiments made with sea-island and upland cotton on 500 acres near Williams, Colusa county, and near
Gridley, Butte ‘county, seem to prove that cotton will yield good results in the Sacramento valley without either
irrigation or the frequent rains considered so necessary to the welfare of the cotton-plant in the southwestern states.
The sea-island variety, however, on both fields was a complete failure. ”

METHOD OF 0ULTURE.—The following method, given by Mr. J. W. A. Wright (a), speaking of the cotton cultare
in the San Joaquin valley, is usually practiced by those most prominently engaged in cotton culture:

To prepare the land some begin plowing in December and others not until February. As a general rule, the
earlier the better. Sorne plow only 4 inches, while others plow as deep as from 10 to 12 inches. Planting is not done
in ridges, as in the southern states, but (because of the drier climate of California) in furrows run about 4 feet apart.
The time of planting varies from the last of March to the 10th of May, though successful crops have been raised
swhen planted as late as the middle of June. ‘It hasbeen found best to soak the seed in a pool of cold water, at least
from twelve o’clock noon until early the next morning, and then to mix with ashes; this kills the eggs of the insects

. which often destroy the erop.” The seed comes up in.from five to fifteen days, according to the time of planting
.and to the depth to which covered. Itshould be covered about 2inches. The plants, whenup, are thinned out with
2 hoe, leaving one or two at distances of from 18 to 24 inches apart. The after-cultivation is less than that given
in the southern states, especially on the uplands, where weeds are not very troublesome. Some planters plow three
times and hoe once, others on bottom lands plow twice and hoe twice, at intervals of from twenty-five to forty days,
beginning two weeks after the plant is up. By some the southern method is practiced of running the plow at the
first plowing mear the roots of the plant and throwing the soil from the plant, and at the second plowing throwing
it back. The blooms begin to open toward the end of June, and the bolls begin to open in September. The plant
.attains a height of from 3 to 7 feet, with an average of 4 feet, and from 300 to 400 good bolls have been counted to
the plant, averaging usually 100. Three pickings are sometimes given to the crop, the first in the last of September,
the second in October, and the last toward the close of November. Some planters continue the picking into January
.or TFebruary. -

In regard to irrigation, speaking of the San Joaquin valley, Mr. ‘Wright says: ’

The facts deduced from the experiments on cotton do not make it safe to establish definite rules for the time, amount, and frequency
-of irrigation. , These matters are to be regulated by the moisture of the ground and the character of the seasons, As regards the method,
some conduct the water in furrows, made with a 10-inch turning plow, within a few inches of the rows of plants; others flood the land
.,a.fter the cotton is up. ‘Water has covered the plants twenty-four hours without apparent injury. ‘When the crop has been flooded, it is
indispensable to plow the land assoon as it is dry enough to bear a plow and team, say within a week after irrigation, Theusunal interval
‘between irrigation is from thirty to forty days; the number of times usually three, beginning in May and ending in August. . The
matural moisture of the ground then begins rising toward the surface on our plains, and irrigation after that date is not essential. The
most important point to guard against in irrigating cotton is not to allow the growth to be checked by sant of moisture after the young
"holls or squares begin forming and then remew the growtl of the plant by irrigation. So surely as this is done, the squares already
formed will drop-off and the yield be diminished to that extent. .

On a visit to the cotton farms of the Merced valley the following details were ascertained: The cotton
.acreage was (1879) 225 acres on the Strong farm and 150 acres on the farm. of 'W. A. Grade, near Hopeton, On
the former place the aspect of the plant was very uneven, those portions of the field having a shallow soil,
anderlaid by gravel, being hurt by drought, and it being almost too late for irrigation. On Grade’s land the
.stand was more regular, the soil being more uniformly deep, the height of the plant being from 3 to 4 feet and fairly
Dbolled, yielding that season 1,000 poundsof seed-cotton per acre; in good seasons easily averaging 1,200 pounds,
amaking 300 pounds of lint, formerly 500 pounds.

The planting is done in March or the first week of April, there being little danger from late frosts here.
‘Cultivation is.]evel, the rows about 4 feet apart, and the plants from 18 to 24 inches in the row. The land is kept

very clean, and is plowed or cultivated as often as may be rendered necessary by the season, One irrigation is
.given'in June, just before the time the blooms Dbegin to open ; then no more, as it does not-seem to be required, and .
trouble from weeds is avoided. The plants, originally from Mississippi (Petit Gulf) seed, have a curious, habit of
forming long branches from the base of the stalk, thus spreading more than is usually seen in the cotton states.
Along these branches the bolly are strung thickly, sometimes apparently of the same age for 18 inches or 2 feet,
:and, especially in the low and somewhat over-irrigated grounds, are inclined to be slow in opening. Near the river
such long, heavily bolled branches are having a new growth and are blooming abundantly, while not a boll seems
s gret (October 14) inclined to open. . On the higher ground the plants have mostly ceased blooming and, the bolls
-are opening well, though somewhat slowly. This sluggishness in opening seems to occur to a greater or less
.degree all over the San Joaquin valley. Light frosts accelerate it materially. There is not usually any killing
" frost here; hence picking can be done very clean.

" Picking is chiefly done by Chinese, who in that year were paid 90 cents per 100 pounds of seed-cotton. The
best hands pick 180 pounds a day, the majority between 75 and 90 pounds. They carry-a large sack slung over
stheir shoulders, thus lugging along from plant to plant from 50 to 75 pounds at times; they use no baskets. Itis
wery slow and awkward work compared to that done by the southern negroes.

a Lecture delivered at the University of California October 15, 1875,
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Cottonseed has thus far been used for feed only, being sold to sheep-rasers at $4 per ton. The decrease in the
average product of the land shows the loss from this mode of disposing of the seed, anc} it is strongly a'dvised
that it be regularly returned to the soil. A ¢ Magnolia? 40-saw gin was being used in ginning. The staple is fine,
long, and strong, as is shown by the measurements given in the preliminary part of this report, volume L

Besides the large-scale experiments in the southern region above recorded, small patehes of cotton have been
grown there by small farmers and by the Mexican population for many years for home use. Since in that elimate not
uncommonly several yéars elapse without a “killing” frost, the plant is perennial, and bears several crops, the staple,
however, becoming apparently shorter and more harsh as the plant becomes older. A sample of fiber from a three-
year-old plant at San Diego is reported upon in the record of measurements made by Professor Ordway. It may
be questioned whether in some cases the plantations might not be profitably continued through the second year at
least, even with a somewhat inferior fiber, of which, however, on acconnt of the long season, the yield would be
very high., Turther experiments on this subject are needed. _

Cosr or PrODUCTION.—The following estimate was made by Colonel J. M. Strong, of Merced county (who °
had been a planter for several years), on the basis of 200 acres in 1872: h

Twelve hands, $25 PET MONT <an coitunoe s oo can e s mnmer cemn ceanae e em e tameneanaeneaa———————— $3, 600 00
Feed Of BOAI .. oot e tem i i in et h et et e e amanae e aemeen e m e aennmamateataeananan 500 00
Feed of Damds o oo uoe a i it i i i r e ene e am et amaanaoan B T 1,500 0_0
Bt B T I oo oot cie i e it h et e me i et e e eammn am e e emm—mnae . 500 00
Ginning and DAMDE .o v ot o i iaenrecann—. . e eeenemtesaeman emeae e ees e anes 500 00
Blacksmithing . oo verene e e e ceaaan et s et cmeeamemne bmm e mann aman e e 100 00

Total eXPenses 10T 200 ACICS wu e mun o eue i e e e e e ee e e e aaencnas ammnen sacaus nenananne . eemene 6,700 00

Total eXPEnses FOT 1 Mere o o oo e o oot e o tas et e et eaee e e e e o e 33 50

The yield was 150 bales, making the average cost $44 66 per bal&, or about 9 cents per pound of lint. This,,
with an average of from §6 to $8 per acre for planting and cultivation (against $33 50 above), would make the total
- eost of production about 4% or 5 cents per pound of lint when the yield is 500 pounds of lint per acre.

The following estimate is that of Mr. J. B. Haggin as the result of the cultivation of 59,12 acres of cotton in
Kern county in 1880

Plowing covuin oo i H e e e et e aaeeee e e s e weas e o mmamn e s $104 50
B b Y SRS 120 50
T TP e et e aenareaann 295 50
T U SR 578 00
GInning and Daling .o .ottt i i i ien e teeaes e me el et e e e e e anns 99 61
Rope and dWine . euueus oo e o it ciee it aee e n e s e pe e s ceen emeeaanaan 3R 78
U ‘R3 05
Seed-. 33 48

TOBAL.« « e et c e e e e e et e eno eenn dmeeme e nneeaeee e e ee eeae eae neaes eeee 1,087 42

In addition to the above the following expenses are considered:

HAUNG 0 APOB vevvme vaiare e ie aeam e am ancm em e e re et eees e o s ee e e e omem e ae e eean e e 12 87
Railrodd frelght oo o e o e i e e e e v s 108 14
BT « - - ettt st et i e et e e e e e e emeet e e een o e e an oo 10 70
COMIMIBBIONS &+ 2 n s i et iit cae e eemas amc e memme e e ecm e aeaeme eee aam e n e mm e e ommme e 24 88

e T P UY . 1,443 51
Sales at from 12 to 14 cents per pound - ..coes cveeviienn oo Ao iemncimcacteeeainanenrtaeneer amaan 1,990 05

Balanee above CO8E - mee it i L i e e e e et e ae———n s e 546 54
Cost per pound to make and bale ot 1aEh -« veenn cenenensens s e emme et aveasae —aeaen e naean e, T 008
Cost per acre 10 MAke aNA DALE. -<u o oee ettt e e e e e, 2L
Cost per pound to malke, bale, and deliver in San FraNCI8E0 < uue o eences oo vomenn e eeem e 0 69
Nt Profit eI S0T6 .o ve i cie et it vacmmesemave ameems smene remeneaen e hemmme eeeeeemeat tena—. ) 924

The yield and quality of cotton was good. A sample was sent to New Orleans, and valued there at 124 eents.
This was the first year of cultivation, and many difficulties were encountered: first, the seed was old; second, there
Wwas a difficulty in having the cotton picked—white men will not pick, and'not many Chinamen were found tfat
could; third, the use of the gin for the first time. ‘

ConerUsIoNs.—From the record above given it appears that cotton has been successfully grown at many
points, practically covering the whole of the great valley, a part of the foot-hill lands of Shasta and a part of Napa
county, and to the southward all the agricultural portion of the southern region. By inference drawn from similarity
of climate and produets, Without direct test, we may include within the possibly cotton-growing portions of the state
the valleys of Napa and Sonoma, the agricultural portion of Lake county, the foot-hill region of Tehama, and the
entire * lower foot-hills” of the Sierra. On the other hand, all the Bay region, as well as the seaward valleys of

the entire Coast range, are excluded from the cotton-growing area by reason of the eool summers, trade-winds, and
fogs to which they are subject. ‘ , , \
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In addition, it may be broadly stated that in the Sacramento v alley cotton may on deep soils be grown without
irrigation, while in the San Joaquin valley it, like all other crops, must be irrigated to insure profitable returns.
The best experience seems, moreover, to indicate that, asin the case of the vine, the minimum irrigation that will
enable the plant to develop is that which on the whole gives the best results, inasmuch as late irrigation especially
tends to retard the opening of the bolls and in the low portions of the fields to start new growth, leaving the
older bolls stationary. ‘ '

The sea-island variety is a failure thus far wherever tried. That cotton culture has not assumed larger
proportions in California as yet is adeqﬁa’cely explained by the fact that the home market is, in the absence of
cotton factories, extremely limited, and the long distance from the world’s markets renders competition with the
Atlantic cotton states on the one hand and with India on the other a doubtful matter, which could be turned in
favor of California only by exceptional circumstances, such as peculiar excellence of the staple. At the same
time, cotton production has been found profitable so far as the home demand has gone, and good prices have been
obtained ; and when exported the California staple has rated high in comparison with the average product of the
Gulf states. | )

What, then, are the inducements toward an expansion of cotton culture in California, and the possible
establishment of cotton factories on the coast to create a home demand ? ~

With the equalization of the prices of labor, in consequence of increased facilities of communication, there
certainly is no reason why the home demand for cotton goods on the Pacific coast should not be supplied from
home growth and manufacture, and there is reason why it might secure a large share of the Asiatic market, with |
which it is in the most direct connection.

But, it may be asked, why try to substitute anew and doubtful culture for the wheat, fruits, and wines for which
(alifornia has already become famous, and of some of which it has practically a monopoly in the United States?

Apart from the general rule that the greater the variety of crops and industries of a country the more
independentand the less liable it is to crop failures of a general character, there are two points that speak strongly
in favor of at least the partial substitution of cotton for wheat. One is the wellknown fact that wheat culture is
very exhaustive of the soil, notably of the phosphates, especially when the grain is chiefly used for export, little
or nothing being given back to the soil, and the samne crop being repeated year after year in a wholesale fashion.
It is hardly necessary to expatiate upon the fact that this kind of farming, or rather planting, is doomed to speedy.
termination, and that while for the time being it enriches individuals it is of very doubtful permanent benefit to the
" country. The exhausted wheat-fields must wait for the coming generation of more careful farmers—true husbandmen,

not skinners of the soil—to be rehabilitated into something like their original productive value. That has been the
history of wheat-growing all over the Atlanticstates, and is certain to be repeated in California. ‘When the wheat-
fields. cease to be so profitably productive as to be able to compete with the fresh lands of Washington, Montana,
Dakota, and Minnesota, what crop shall be substituted for that grain? It is idle to say that there is plenty of
_time yet before the question arises. The truth is, that in the older settled portions of the state it is already upon
us, for the average product per acre is rapidly falling from the surprising figures of 0ld—40 and 50 bushels per
acre—to the modest 12 or 15 bushels of eastern states; and it is impossible that-it shonld be otherwise; but the
man who grows 15 bushels per acre cannot long compete with those still able to grow double that amount. A
~portion of the lands so thrown out from wheat culture may be given to orchards and vineyards; but it will be .
long beforc these industries can occupy-all the ground, if indeed the state of the world’s markets would permit
of their indefinite expansion. Alfalfa, which it has been proposed to substitute for grain, cannot find sufficient
cousumption at home, and is too bulky for export. Many other crops might be suggested that will doubtless
hereafter find a profitable place in the agri¢ulture of California, but among these there is every reason to believe
that cotton will ocenpy a prominent place, especially sinee it can be grown on any naturally fairly productive
soil for secores of years without thought of other manure than its own seed regularly returned to the soil. Itis
“in this respect the reverse of the exhaustive wheat crop; for a crop of cotton lint takes no more from the soil than
the chaff of the wheat would were it a merchantable article, while the grain and straw were returned to the soil.

This point is treated more exhaustively in the article on the uses of cottonseed, included in the preliminary
part of this report, volume I It is true that cotton is one of the most exhaustive crops when the seed is definitely
removed, as has unfortunately been the prevailing practice in the cotton states; but it is equally true that no othier
crop now known is so little exhaustive as cotton when the seed and stalks are returned. This is more especially.
important, in view of the fact, apparent from the analyses heretofore given, that while as a whole the soils of the
state are unusunally rich in potash, their average content of phosphoric aeid is far from large. Their abundant
yields are dune to their large supply of lime, through the agency of which the plant-food contained in them is made
quickly available. But while it is true that calcareous soils are particularly thrifty, it is also true, and well known,
that when they do become exhausted they require the most generous manuring to become productive again.

There is another reason in favor of the planting of cotton as against the planting of wheat (at least as the latter is
now practiced) when irrigation is required, This is the fact (too well known to the population concerned, and more
specially treated of in the article on alkali soils on pages 63 to 73) that on lands affiicted with alkali the evil
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is'steadily on the increase, on aecount of the * rise of the alkali”, as a consequence of continued surface irrigation.
The last flooding of the wheat leaves the soil with a dense crust, from which the soil-water evaporates rapidly, and
which, the grain being sown broadeast, cannot be broken and the surface soil put in the condition of tilth necessary
to prevent the accumulation of the alkali salts at the surface. More and more every year the ¢ dead spots” in the
wheat-fields increase, and when, on account of such failures, it ceases to be profitable, something else mustbe
substitated, and that substitute must be a hoed crop, planted in drills, and capable of being cultivated at all times,
It should, moreover, be a deep and tap-rooted erop, requiring the least amount of irrigation, on account of the depth
to which its roots reach. Cotton fulfills pre-eminently both conditions. 1P needs and responds generously to clean
and frequent tillage, and in this it would tend to ftll the period of comparative idleness experienced by the California
grain-grower between harvest’ and seeding time that for the time, being throws a large number of laboring men
out of employment. By the proverbial spreading out of the work over the entire twelve months cotton serves to
secure steady employment, and therefore a steady laboring class. :

In one respect, too, the California cotton-grower has a great advantage over his southern competitor. The
latter has to ¢ fight the grass” throughout the season; in fact, to keep the cotton ¢ out of the grass” is his never-
ending task. In the Sacramento valley, where cotton can be grown withount irrigation, weeds cease to worry the
farmer after the dry season sets in if the ground has been properly attended to before. No summer showers start
a new crop of grass and compaet the surface into a strangling and moisture-wasting erust. If clean to the dry
season, the ground remains clean, save perhaps a few large straggling weeds that can be done away with by a few
strokes of the hoein each row. There is no erab-grass to go to seed every autumn, as an earnest of the perennial
renewal of the grass fight.

. Finally, where irrigation is once established, it will secure a cotton erop without fail every year, instead of the
often -recurring summer droughts that so frequently stunt the crop in the Mississippi valley, and the waters of the
fortnightly shower, thought there to be desirable for the best success of cotton, could here be made a celtamtv
But, singularly enough, such treatment is found not to benefit the plant in the climate of California, so that, in
comparison with some other crops, cotton culture would be economical as regards irrigation water.

Keeping all these points in view, the writer cannot but think that the wider introduction of cotton culture into

California is but a question of time, and that in many respects it will serve to improve the agricultural prosperity
of the state,
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ANALYSES OF SOILS.
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COTTON PRODUCTION IN CALIFORNIA.

Table of Twmus and its available constituents (percentages referved to the soils) found in California soils.

B :
No. Name. Loesality. County. Humus. {‘:Xfé}g‘};lﬂ? 1#1‘031::;1;311‘&
563 | Sacramento river alluvium ... ..ol Rancho Chico...uven.s et teaneemnenanaenaes Bufte.............. 0. 749 0. 255

517 | Brownish loam soil .. Ceereea .1 Biggs’ Station ... Y i [ 1,184 0, 464

110 | Putal valley (middls laml), culth nted .| Dixen.eoeenaann.. o) Solano eeeeniaenn.. 1,709 d. 562

195 | Valley 80fli.civuvaniascaneeanciacueien .| Merced ditch .. .. Merced ....onne..o. 0. 867 0, 595
198 | Merced river bottom soil . .ovieaiaieeianeanes h 200511 7% 4 PO PN [, BN 1,800 0. 563
701 | DIy DOZ S01L e memen e eeme e eeeeneeneneaennas BHESON'S TANOH «evvreireerenranasannenns el I L YO 1. 061 0.984

570 | Brown adobe soil .. .1 Bisen vineyard .c.cevveecencenacan-s .| Tresno ceeuun...... 0. 587 0.873

579 | Alluvial loam soil.... .| Grangeville, Mussel slough....... o] Tulare..eeeeroava, 0, 644 0. 587

77 | Dry bog soil....... . Tulare ke vuveeriiiinrenenienieeaas PR s [ S, 0. 468 2184 |ccnrcainans
103 | LoaMm 80l +vennieinns e aesaraan e Hog-wallow tract near Huaffman's. ............ Meroed ............ 0. 367 0,834 0,019
704 | Fresno plains 8oil..o. . oo Central Colony ...uuevanenemaniuivimanconcann. Tresno seceeeeeenns 0. 604 0. 351 0.011
586 | Tulareplains soil .. .{ Bast of Qutside creelk. .| Talare... 1.139 (U115 DR
578 | Tulare plains soil .. ..| Cross ereek......... 0. 996 0.740 §eveecnnenenn..
700 | Salt-grass soil...... Buena Vistaslough 0.170 0. 196 0. 009
705 | Red chaparral 8oil ...ceeviineiicnieiinciniianens ANAOISOM +evneecrreranemnen sareeanmnnnarionnsn 1,420

480 | Red upland loam s0il oo ioiciioiiiiianiaaeiias, Whentland ..coovcoemnsanas 0.466

51 | Red foot-hill soil...... S Auborn.... e, 1.140

67 | Mining-slum soil... .-} Near Chinese camp 0.420

68 | Valley adobe 80 .ueon oot i (31 T, 1,614

190 | RedJoam 803l ..evnniveinsinincevmearnniiennaaenn TASIABED «veeenirancnasmnnssanasesssnransannas 0.715

161 | Red foot-hill soil. L ..ol Moreed Fals. cunnn iom i en e 0.712
196 | Red gravelly soil ... .| Hog-wallows 11 miles north of Merced........ co-do 0.758

832 | Mojave desert soil ... .| Mojave station... .| Kern ....... 0.283
882 | Low mesa soil ....... .| Pomona .- .oqeee.. .| T.os Angeles ....... 0.324

47 1 Mesa 1and 801l caemen et e Natlonal ranch.......cocoivanieaaiii oo o..| SanDiego.......... 0. 555
508 | Bottomaodl ....ooou. i COlOPAAO TAVOT + + e vmmerc e vmneeenennnnnsnns PR [ 0. 762
168 | Valley soil........... Santa Paula..... Venturs ... 0,841
182 | Reddish mountain 80ileeeoaeeiaanniraiioniacnaidiennn [{0: S, PR TR . 1. 055
170 | Bench-land subsoil ..... .| Hollister's ranch. .| Santa Barbara..... 18341
600 | Tpland soil. «evnrneniacveneseeeeirareannnenas BNl 11 1) ISP San Benito. ...... . 0,810
606 ¢ TUpland loam soil S0gUel TANER «uee e e it Santa Cruz ........ 1.468

37 | Valley soil......... .| Pesendero........ San Mateo......... 2. 850
702 | Chaparralsoil .... Noar Saratoga ... Santn Clara........ 3. 096
680 | Sandstonesoil ... .| San Franciseo ... ..| San Francisco. .... 2,284

1] Black adobs coveeniiiiiiiiiiii it itirriaanasnns Berkeloy...ocevuernnes RO Alameds......o.... 1.750

643 | Black waxy adobesoil ...l Coltonm ranch. coveie i e Contra:Costa.. .... 1, 500
640 | Sodiment 80il. oo v enennen § | F000 QOLVALSY - 0.396
185 | Valley s0il..... .| Hooper’s v-meym d. 1111
188 | ‘Red mountain soil. ... ool ]eeees [0 RPN 2. 537
207 : Tol 1iver bottom =oil Buat of Femd&la .............................. 1. 250
205 . Eelriver bottom subsoil .eevmvreininnirinrencanidsennes i [ S foeamamasancasnstaannsnanen 0. 652
676 } Red voleanie soil .| Flat on Clearlake....cauuuns 1.442 ¢
672 Two miles south of Snint Helena 1. 685 0,457 Jovevnniinneans

2 Gray valley soil ...

on which the vine will grow without and other fruits with but little irrigation.

MBCHANICAL COMPOSITION OF CALIFORNIA. $0ILS.—The mechanical analyses thus far made of California soils
are given in the table on page83. The method of analysiswas that described by the writer in 1873 (@), by the aid of the
elutriator or soil-washer, devised for the purpose, and constructed for the University of California. Many important
points of general inferest are deducible from these analytical results, but their detailed discussion would lead
beyond the limits necessarily assigned to the present report. Attention should, however, be ealled to some typical
soils, Thus, soil No. 586 is fairly representative of the ¢ plains soils” of the San Joaquin valley, with the exception
of the Fresno region, showing that while these soils, on account of the coarseness of a large part of their mass,
appear very sandy, yet they contain as much clay as would usually constitute a “light loam”,
and 110 exemplify the ordinary “black adobe” of the Coast range and great valley, modified in opposite directions
in the cases of Nos. 8, 9, and 68, which are lighter; and No. 643, which is heavier than the average, the latter,
~in faet, becoming, 11ke the “ hog wallow” of Mississippi (see report on that state), almost unmanageable under

ordmary circumstances. No. 168 is the remarkable soil which allows an ax-handle to be pushed down to the head
~or the arm to the elbow without exertion, yet is so retentive of moisture as to need no irrigation. It does nof

differ widely in most respects from No. 51, the red foot-hill soil from Auburn, which, like the other, is found to be

50 admirably adapted to frmt -growing. 'Nos. 47 and 130 exemplify well the hght loam soils of the southern region,

Again, Nos. 1, 2, 6,

The Colorado river bottom soil

might be expected to be a somewhat heavy loam, but its large percentage of lime places it among the light loams.
Again, between Nos. 8 and 9, one alkaline, the other not, the difference in mechanical composition is but slight,
whereas, in consequence of alkali, No. 9 is practically untillable.
connection with the deseription of the several soils.

These facts are referred to in the text in

W

& Am. Jowr. 8ci., Oct. and Nov., 1873; J

an., 1874,
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Mechanical analyses of California soils and subsoils.

INTIRE BOIL. FINB EARTH.
] g g
[ 3 g : : : : . . . . s R
s g | g : g1 8| € g
. | 551 & E BB 8lE18 |88 |85
g2 | 28 | 24 s |8 |wlasl=alale|lgslals
g ol w g = = s | A o < o ] ] 3 Analyst,
*%gg,,,gw. Viviviviviviviy]lviy
w3 | 28 | 55 | 4 B9 |8 |8 |8 | |v|s|e|%
3N & 42 42 -+ - ~3 42 -2 + 4 2
e |25 % AR EREEER-EEEEEEEE-RE N
ENE AP AR AT AR REAE R AP A
Sl B 8I3 351313 |3 |3 2|518|¢
o 3 3 B &) 1773 w 2] 1] 73] w 7] 0 /33 m 3]
No. 10.—Sediment soil, Sacramento river, | Nono. | None, | None. |.-...... 12, 062{36, 682| 6, 927|15. 111118, 665 10, 207} 8,163} ;:322...... SRR IR 96.199) Button,
near Sacramento. l .
No. 6.——Black “gdobe" soil, 8, 45, Wober | Nope. |-au--... 0.860 | 90,650 || 32. 62587, 115 4.304] 5. 501: 5. 617 2. 018 1.982]3, 1450 2,106 1.285) 0.437) 86,130/ Do
grant, near Stoclkton, Kan Joaquin
county. i ‘
No. B.TNon-alkaline soil from Over-| 0.400........ 1.610 | 97,990 U 20, 800[32. 000| 8.300| 6.G00] 5.800, 7.300] 7.500| 5,700 4. 800] 1.500] 1. 2001 96.400; Do.
hiser's, near Stockton, San Joaquin
county. ’
No. 9. —Alkaline soil from_Ovm‘hisel"E, 0,650 {-ennn.. 9,140 | 97.310 || 24. 600/26. 100 3.300| 9.400] 6,200, 6,200 5.400| 4.800 4.700 5,900, 1,100f §7.700, Do.
near Stockton, San Joaquin county. 4 ‘
No. 77.—"Dry bog” soil, southeast |........I 4100 1. ... .. 95,900 || 20,703!18. 840| 1.5667] 2.195' 8.183 8, 6221 0. 722! 6,641} 2,115 2. 407 1. 275] a86. 360 Morss,
shore of Tulare lalke.
No. 580.—Tulare plains soil, " Outside ™ | ......ifieeenans D 10,481/28,119; 1.320; 2.15510.644| 6.161 7.907| 7.646 7. 60111, 112] 8,686 07.221) Jnffa.
creck, Tulare county. | '
No. 5l.—Red foot-hill soil, Auburnm, |........ 18.042 |......n. 86,058 || 13, 011(28. 963 2.941] 5.570,11, 392[15. 0563 10. 454 8,516/ 1.121( 0,265 0.161| 94, 247 Morso.
Placer county, ¢ : .
No. 67.—Mining slum soil near Chineso |........| 1.850 [........ 08,150 || 18. 474/27, 270} 0,906, 8.196[10. 563[11, 975, 0.228] 6.608| 1,240} 0.873] 0,824 08, 157} Do,
camp, Tuolumns county. '
No. 68.—Valley “adobe™ soil near Chi- | 25.830 | 5.804 | 4,740 | 64,118 || 20.10035. 580] 0.835 8.087| 4.791| 5.974] 4. 450, 5.440; 4.220) 2. 877} 8.202 97. 465 Do.
nese camp, Tuolumne county.
No. 130.—Bench-land soil, San Gabriel | 7.720 | 4.720 |* 5,070 | 82.470 || 10.700[16.820] 1.330) 6.590; 5. 020; 7. 000 13. 100, 830010, 060111, 880; 7.550| 97. 530 Do.
valley, Log Angoles county.
No, 47.—Mosa-land soil, Nationnl ranch, | 9,760 | 9.110 | 10.330 | 70,800 || 9, 660[10,870 0,970| 3.240; 8.820] 5,900 8.860{12.860|13. 540{17. 78012, 570; b89. 020, Do,
San Diego county. '
No. 508,—Bottom soil, Colorado river, {........|cceensificimniad]aeniains 23, 069130, 909, 0.790 11. 278/12, 640| 8. 882 2.518] 0.752| 0.107| 0.147f 0.181] ¢01. 708) Jafn.
San Diego county. ) . ;
No. 108.—Valley soil, near Santa Panla, {........ 8,580 [...uen-n 06.470 || 16. 02014, 040 1.200 5,140 8. J30/12. 670 16. 360(11. 480] 7.010( 6. 450] 4. 110(3101. 510, Morse.
Ventura county. : i
No. 1.~Black “adobe™ soil, university | 18,845 | 6.567 |........ 70,498 || 31. 830(24. 600 1. 170 B.400| 4. 770} 7.490| 6.200] 0.870| 2.780| 7,060} 5 440| 96.310, Sutton. -
grounds, Alameda county. il
No. 2.--'*Adobe’" subsoil, universipy | 856,276 | 7.798 |........ 56,032 1| 83.530(22.120 G.030; & 040} 7,000 6.420] 7.930| 3.080 1,840} 0.210f 0.020; 95.03¢ Do.
grounds, Alameda county. ) '
No. 4.~" Adobe” ridge soil, university | 18.283 | 4.607 l........ 82.160 || 18.920{17. 250| 4,870' G.700] 6.420 6.640] 8, GDO| 7.450{11. 030} 0. 400| 3.420] ©5.970, Do, .
grounds, Alameda county. |
No. 188, —Reddish mountain seil, G. T |........ reeans O PO IO 52, 24214, 685] 1.0068| 4.877| 6.006) 3, 605, 5. 000( 4.308 8.275 1,047 0.440 06,787 Jaffa.
. Hooper's vineyard, Sonoma county.
No. 110.—tVal]ey soll, Putah ereek, 8ola- [.eeeeoa]imeanifiaaaaiacfeneenan 31..400{43. 080 2.2701 8. 560! 4,870 4,400] 2. 640; 1,500 1.300......1. PR 95, 21()‘l Morse.
no county. '
No, (48.—'* Adobe™ soil, mount Diablo, |........ 3,200 foaaun e 06, 800 || 43.540\34. 060 & 590 2.590 3,130, 2,700 2. 260; 1.760; 0.780...... 2,230, 94,690 Do.
Contra Costa county.
No. §76.—Red-land soil, Lake county. |........ 80,320 [\....... 60, 680 {le20, 840,29, 950| 1,440 3.'730l 6.080] 6.020| 5.970| b.380| 3.880] 4,070 2. 180i a8, 470| Do.

@'The low summation of this analysis is due to tho dissolution of lime and some alkaline salts in the large quantity of water employed, the clay atfivst failing
altogether to diffuse until these salts had been washed out. 'The loss bears mainly, of course, npon the fine spdiments. )

b This high summation is probably, to some extent, due to the turbidity of the water nsed for analysis, which added to the weights of the finest sediments,

¢ Low summation due to solution of lime salts, .

d Containing about 25.0 of ferrie hydrate. . .

eContrining about 11.0 of ferric hydrate. 741
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